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ABSTRACT

This document represents the sixth and last of a series of Honolulu Laboratory reparts
providing estimates of shallow (< 15-m-deep) reef fish population densities based on diver-
surveys conducted at roughly annual intervals at two sites (French Frigate Shoals (FFS) and
Midway Atoll (Midway) in the Northwestern Hawaiian Islands (NWHI)). The purpose of the
time series has been to develop the capability to characterize the standing stock densities of
shallow reef fishes, as one potentially important component of themonk seal (Monachus
schauinslandii) forage base with precision sufficient to detect twofold changes over adecadal
time scale when sampled at ayearly frequency. This recent series of surveys began in 1992 (at
FFS) and 1993 (Midway). Updated results for 3survey years (1998-2000, inclusive), plus a
comprehensive evaluation of key variables for the entire 8/9-yr time series, are herein presented.
Statistical analyses emphasi ze thosetemporal and spatial variables likdy to have thegreatest
influence on the distribution and abundance of reef fishes as a forage base. The results of two
types of specia diver-survey are also provided: (1) aone-time (August 1998) survey of the fishes
and macroinvertebrates (potential monk seal prey) in deep (52, 61 m) talus slope habita at FFS,
and (2) a methods-calibration survey conducted at the two sites in the year 2000. The former one-
time survey provides alimited but significant complementary interpretative base for the shallow-
water time series. The latter calibration study links the reported time series with analogous data
on resident reef fish stocks, complemented by data on apex predator fishes (sharks and jacks),
corals, macroinvertebrates, algae, and their habitat distributions, being collected at all 10 major
NWHI reef and atolls (including FFS and Midway), as part of the Northwestern Hawaiian
Ilands—Resource Assessment and Monitoring Program (NOW-RAMP), a multiagency study
newly established in September-October 2000.






INTRODUCTION

The endangered Hawaiian monk seal, Monachus schauinslandi, is endemic to the
Hawaiian Archipelago where its present distribution in the Northwestern Hawaiian Islands
(NWHI) isredricted to six main breeding subpopulations, including French Frigate Shoals (FFS;
24°N, 166°W) and Midway Atoll (Midway; 28°N, 177°W). Begnning in 1988 and continuing
through 1998, themonk seal population at FFS, where about 30% of all NWHI monk seals
currently reside, has declined by nearly 60% (Forney et a., 1999; Johanos and Baker, 2000). The
decline at FFS, particularly of juvenile seals, i s thought to be related to a decrease in the forage
base of monk sealswhose broad diet consists primarily of benthic and other reef fishes
cephalopods, and crustacea (DelLong et a., 1984; Goodman-Lowe, 1998; Craig and Ragen,
1999). Fluctuations in this forage base are thought to be effected by natural temporal cycles
(Polovinaet d., 1994); recently, evidence has been presented that important, wi thin-archi pelago
gpatial variation in productivity exists as well (Schmelzer, 2000). Efforts to enhance the recovery
of the Hawaiian monk seal require athorough understanding of the factors that may be limiting
population growth. Determining the abundance of available prey resourcesis akey element in
evaluating the possible influence of food on monk seal population trends. Fatty acid analysis has
lately been used by S. Iverson of Dalhousie University to begin building alibrary of signatures
for possible identification of prey in the monk seal diet. However, specimen collections and
analyses of monk seal fatty acid composition are incomplete (dthough promising), and species-
level quantification of the monk seal diet is still not possible. Characterization of monk seal
foraging habitat using seal-mounted (criTTeErcam) underwater video has met with some recent
success (Parrish et al., 2000), but the technique cannot provide detailed enumeration of the
species and sizes of the prey present within foraging hebitats or utilized by the seals. At present
the assessment of monk seal prey abundance is primarily limited to conventional methods--e.g.,
in situ diver-surveys at shallow (< 15-m-deep) scuba depths--for estimating the more
conspicuous, diurnal potential prey types occurring in one segment of the monk seals' foraging
habitats.

A lengthy time series of diver surveys was conducted during 1992/93 and 1995-2000 to
develop the capability to characterize the standing stock densities of shallow red fishes as one
potentially important component of the monk seal forage base, with precision sufficient to detect
twofold changes over a decadal time scale when sampled at a yearly frequency. The observations
reported herein contribute to this time series.

The entire series of surveyscan be briefly recapitul ated as follows. In order to evaluate
whether reef fish populations had recently declined from prior levels, shallow water reef fishes
were surveyed at FFS and Midway in the early 1990s, revisiting stations previously surveyed by
U.S. Fish and Wildlife Service (USFWS) personnel during 1980-83 (at FFS) and 1980
(Midway). These repeated surveys were conducted at FFS in July 1992 (DeMartini et al., 1993)
and at Midway in August 1993 (DeMartini et a., 1994). DeMartini et al. (1996) provides an
inter pretation of temporal comparisons at both s tes based on all data availabl e through 1994. In
general, the numerical densities of post-recruit-sized (>2 cm standard length, SL) reef fishes
declined by about one-third between the early eighties and early nineties. At least & Midway,
these declines included both herbivorous and carnivorous fishes and occurred in both major
habitat types (DeMartini et a., 1996). It was then thought that these changes might have been
refl ecting i nterdecadd -scae regi me shiftsin oceani ¢ productivity (Polovinaet d., 1994). Surveys
were repeated annually & each site starting in 1995, but these lacked resolution necessary to
detect smaller two- to threefold changes between adjacent surveys (DeMartini and Parrish, 1996,
1997, 1998).
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In this report, we update our shallow-water reef fish time series for surveys conducted at
FFS and Midway during 1998, 1999, and 2000 and provide a comprehensive evaluation of the
combined 1992/93 and 1995 through 2000 data. Additional estimates of fish densities (numbers
only) are provided for seveaal, deep (52, 61 m) windward talusslope stations surveyed at FFSin
August 1998 using technical dive gear. The resultsof two series of method-calibration surveys,
conducted in summer 2000 at both sites, are presented as a bridge between the 8/9-yr time series
and newly derived results using methods for estimating reef fish densities which were introduced
in 2000 as part of the NOW-RAMP.

METHODS AND MATERIALS
Standard Field Surveys

FFS.--In 1998, surveys were conducted ove a 5-day period (August 23-27); in 1999,
surveys spanned 5 days from August 18 to 22. The year 2000 survey also extended 5 days from
August 13-17. Reef fishes were monitored at the same series of historical station-areas
(“stations”) used throughout the entire time series which began in1992 (DeMartini et al., 1996).
Four stations on the barrier reef (BR: two Inner [Sta. Nos. 7, 8] and two outer [Nos. 4, 6]), and
five patch reef (PR) stations [Nos. 5¢, 5d, 5e, 5f, 23] were surveyed in 1998, 1999, and 2000, as
previously. Each station was surveyed once per survey. Recording protocols used on the 1998
and 1999 surveys were identical to those used in 1992, 1996, and 1997; i.e, 3-person datasets
were obtained in each of these 5 years. On the 1995 and 2000 surveys, the data used for analysis
were collected by two, rather than three, persons. Spedfically, on the 1998 and 1999 surveys at
FFS, three NMFS, Honolulu Laboratory divers--E. DeMartini (EED), F. Parish (FAP), and R.
Boland (RCB)--repeated the identical surveying protocols initiated in 1992: two diverstallied by
1- to 10-cm standard length, SL, classes, all larger-than-recruit-sized (>2 cm SL) fish indviduals,
encountered during 30 min within a band transect (& BR stations) or other fixed area of reef (PR
stations). The dimensions of all band transects were 50-m long by 10-m wide (500 n¥ area).
Delimited areas at patch reefs averaged 160+70(std) n. Fishes were recorded by species or
lowest recognizable taxon, with nomenclature updated according to Randall (1996). A third
diver, meanwhile, visually estimated the body lengths of arandom sample of fishes encountered
during 30 min within the same delimited area. As on previous surveys, diverstypically rotated
between the two (counting, size estimation) tasks to distribute sampling error and avoid bias. On
the 1995 and 2000 surveys, two divers (FAP, RCB) performed both tasks. Whenever surveys
lacked athird diver, both divers edimated fish lengths during a 15-min period immediatdy
following eachfish count. Initial (DeMartini & a., 1996) and subsequent (E. DeMartini, unpubl.
data) evaluations of among-diver error have had coefficients of vaiation (CV, std/mean x 100%)
of 15% or lessfor fish tallies made by these three personnel. DeMartini et al. (1993) describes
habitats and provides a map of the station locations. P-coded GPS positions of the monitoring
stations are listed in Appendix Table A.

At FFS only, additional stations on the talus slope of the outside (windward, exposed)
barrier reef were sampled on the August 1998 survey. Fishes and conspicuous invertebrates were
enumerated on timed (20-min), 2-m wide belt transects conducted at two depths (52, 61 m) at
each of four stations by two divers (FAP, RCB) using open-cirauit technical diving gear and
mixed gases (heliox and nitrox), during August 24-27. Counts of organisms on each transect at
each depth and station were tallied by five noncontiguous, 3-minsegments to fadlitate data
recording and analysis. Organisms sheltering beneath talus were included in the counts; pieces of
talus were flipped (and replaced) if moveable by asingle diver (< 22 kg). Body sizes of tallied
organisms werenot estimated because of bottom time constraints.
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Midway.--Surveys in 1998 were conducted over a4-day period (August 6-9); the 1999
survey also spanned 4 days, from July 25-28. Six days (July 16-21) were required for the year
2000 survey. Reef fisheswere surveyed at the same monitori ng stati ons used in previous survey-
years, beginning with the first surveyin 1993. Initial comparisons of monitoring with other
reference stations in 1993 indicated that they were representative of their habitat type at Midway
(DeMartini et a., 1996). Recording protocols were approximately the same as those used on the
1993, 1995, 1996, and 1997 surveys. As at FFS, surveys were conducted by the same personnel
(EED, FAP, RCB) inall years except 1995 and 1998, when a 2-personteam (1995: EED, FAP;
1998: EED, RCB) conducted al counting and sizing tasks as described for FFSin 1995 and
2000. Four stationson the barrier reef (BR: twoinner [Nos 14, 21] and two outer [Nos. 10, 19])
plus five patch reef (PR) stations were resurveyed in 1998 and again in 1999. Outer BR station
No. 10 was missed in 1996 because of unsafe diving conditions (DeMartini and Parrish, 1997).
The PRs sampled included stations Nos. 5, 11, and 17, plus 17A (areference station used as
replacement for station No. 18; see DeMartini et al., 1994) and a patch reef first surveyed in 1996
(No. 6X; similar in areato station No. 6 and used as its replacement). Use of these two
replacement PRs was first necessitated by sand burial of PR stations Nos. 6 and 18 in September
1996. These two stations remained buried in sand when resurveyed in 1998 and 1999. On the
1999 survey, continuing sand movements within Welles Harbor further necessitated replacing PR
station No. 17 (then half buried) with anew patch reef, PR No. 17X. Shifting sand had
uncovered an unusually large (nearly 500 m?) expanse of reef habitat at PR station 5 on the 2000
survey. Midway patch redfs averaged 126 + 87(std) m? in area (range 11-484 n’). DeMartini et
al. (1994) provides complementary detailsinduding a map of thestation locations. In Appendix
Table A P-coded GPS coordinates of historical monitoring stations are presented.

Methods-Calibration Study

In 2000 a special study was conducted to quantify the relationships between density and
biomass estimates dbtained using the historical methodsof 1992/3, 1995-2000 and to obtain
anal ogous estimates using transect protocols newly established in 2000 for basdine assessment
and monitoring to be conducted by the NOW-RAMP. Two series of matched (same-dive) fish
assessment exerdses were conduded in addition to theusual surveys of stations at Midway in
July and on Townsend Cromwell cruises TC00-10 and TC00-11 in August (at FFS) and October
(Midway). The two types of calibration studies were the following: (1) Standard fish counts
conducted using historical protocols (“Old Method” : 50-m long by 5-m wide; 250-n¥ area, 15-
min duration) were matched with same-diver countsin a 2-m-wide by 50-m-long (100 m?, 10-
min duration) strip centered on the wider lane but lagged by 30 minutes (“New Method”). The
same diver (RCB) was used in all matched-pair surveysto remove additional variance
attributable to diver differences. (2) The latter New Method diver-counts, developed for the
NOW-RAMP, were matched with video records for a 2-m-wide by 50-m-long strip, surveyed
concurrently by a second diver, offset about 5-m to one side of the strip in which fishes were
being directly counted. The two types of calibration thus included the effects of a brief (0.5-hr)
time lag and short (5-m) spatial separation, respectively, when comparing the two types of direct
counts and comparing the newly developed, direct counting method with the video record. A
single observer (EED) later viewed and scored all video records for the number of individual
fish, by species or lowest recognizable taxon, present on the video record.

Data Analyses

Potential changes in numerical densities were evaluated for higher taxonomic and
functional categories; namely, total fishes; herbivore and carnivore trophic levels; and each of
four carnivorefeeding guilds (benthic invertebrate-feeders or "benthic carnivores,” coralivores,
piscivores, and planktivores). Transient apex predators (sharks and carangid jacks) were
excluded from our pri mary density esti mates of pi scivores because the densities of such large



4

rare organisms were poorly quantified by tallies limited within small areas at few stations. The
relative frequency occurrence a stations of two principal species of jacks was evaluated by
factorial G-test (Zar, 1984). Analyses aso included those fish families identified as among the
top 3 ranked diurnal and nocturnal prey of monk seals based on examination of the hardparts
present in al scat and spew samples examined by Goodman-Lowe (1998). Key life-stages
(young-of-year “yoy”, older) of total fishes and other selected groupings (i.e., total yoy densities
adjusted for particularly variable taxa such as recruit aweoweo—see Results) were also evaluated.
Data were too few to partition analyses of size-frequency distributions and biomass densities
finer than the two major trophic levds (herbivores, carnivores) within total fishes. Post-
classification into trophic levels and carnivore guilds followed DeMartini et al. (1996). Trophic
level and carnivore guild assignments are listed in Appendix Table B for all species encountered
at quantitative stations at each reef site during the time series through 2000. Analyses have been
constrained to higher taxa for two principal reasons: (1) the existing data for fish in the monk
seal diet have family and grosser taxonomic resolution and (2) the statistical power to detedt
changes>50% in NWHI reef fish densities using diver visua surveysis generally insufficient at
the species levd (statistical powe = [1-3] <0.80 at o, = 0.10: DeMartini et al., 1996; where p =
Type 2 Error or the probability of failing to reject afalse null hypothesis. Cohen, 1988). Relative
densities and the gpecies composition (“assemblagestructure”) of reef fishes were not explicitly
reevaluated for the entire time series at each site because most previous evaluations (except for
Midway in 1997—reflecting an atypically large recruitment of a single spedes—see DeMartini
and Parrish, 1998) have indicated persistence in composition and relaive abundances Appendix
Table B also provides mean densities for each habitat at each site (averaged over al 7 survey
years) far each taxon in the time series, ranked by its weighted mean biomass density over both
habitats at a site.

Spatial and temporal patterns of numerical densities were evaluated using factorial (2-, 3-
way) ANOVASs (Model 1, all fectors fixed). The gatial factors evaluated were habitat (2 levels:
barrier reef, lagoonal patch reefs), nested within reef site (2 levels: FFS, Midway). A nested
model was chosen because of differences between the FFS and Midway sitesin nominally
equivalent habitas, particularly differences inthe three-dimensional structure of patch reefs.
Lagoonal patch reefs at FFS are more complex, with greater live coral cover, and provide a
greater range of shelter hole sizes; whereas, the more ancient and weathered patch reefs at
Midway provide lessrelief and few | arge shelter holes. The tempora factor anayzed was survey-
year (7 levels: 1992/93, 1995-2000). A Bonferroni corredion (P, = 0.1/m, where m = number of
tests within the series of evaluations; Manly, 1991) was used to adjust for multiple testing. For
infrequent casesin which ANOVA results were marginal (P, , >P,,>P,;,) or the estimated density
differences were >50% but insignificant, we evduated the power of the test at P,;, = 0.1/m.

The densities of size-classes within total fishes were estimated by apportioning numerical
counts into yoy- and older- (larger-) sized fishes as follows. For each species in the database, a
size-frequency distribution was generated for dl FFS and Midway surveys poded. Using these
length distributions, a species-specific, yoy-to-older body length threshold was identified
(Appendix Table B) based on the separation of yoy from older age-group modes. Biomass
densities (kg -10 m) were calculated first for each taxon at each station as the cross product of
mean body weight (kg - fish™®) and mean numerical density (N fish-10 m?) in each survey yea.
These biomass estimates were then averaged over stations within habitat type (BR, PR) to
provide a mean and a variance for each habitat and survey year. Biomass density estimates were
apportioned for higher taxonomic levels after pooli ng speci es over the appropri ate category.
Large-bodied apex predatars (all sharks; thethree jacks Caranx ignobilis, C. melampygus, and
kahala, Seriola dumerili; and the grey snapper or “uku” Aprion virescens) were excluded from
the biomass estimates because they are very large, rare and patchily distributed, fast-swimming
transients which are unlikely prey of monk seals; they were poorly quantified by the method
used; and they inappropriately inflate resident fish biomass estimaes.
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ANOVAs were calculated using proc glm of PC SASv. 6.12 (SAS Institute, Inc., 1990).
A balanced design was retained in the analyses by estimating the lone missed data point (BR
Station 10 on the 1996 survey at Midway) based on Station 10 estimates for the other survey
years at Midway; error degrees of freedom were decremented after the fact by one (always with
trivi a eff ect because tota sample size for the 7 survey years was 126). A parametric GLM
analysis model was used because standard nonparametric ANOV As were inappropriate for the
nested model described above. Analyses used untransformed data to fecilitate interpretation of a
posteriori contrasts. Despite the use of raw data, the observed patterns were robust to the
assumptions of homogeneous variances and normality because the design was balanced
(Underwood, 1997). Trias using both log-transformed and raw datafor severd key test variates
(yoy and older-stage fish densities) produced nearly identical, respective P-values, attestingto the
robustness of the balanced design.

RESULTS
Shallow Reef Fish Surveys at FFS and Midway
Numerical Densities and Stage Composition

At FFS, total fish densities during the past several survey years averaged 17.1 + 1.5(se)
individual fish-10 m?in 1998, 17.9 + 1.9 indviduals-10 m?in 1999, and 20.1 + 25 individuals
10 m2in 2000 (Table 1). At Midway, the respective estimates were 16.8 + 1.8, 18.2 + 4.7, and
9.1 + 0.5 individuals- 10 m? on the 1998, 1999, and 2000 surveys (Table 2). Numerical densities
have thus far been indistinguishable between FFS and Midway (2-way ANOVA; site effect: P >>
0.1) for al fish taxa pooled (Table 3A; Fig. 1). Densities of component trophic levels and
foraging gulds likewise havenot differed between FFS and Midway (Tables 4, 5, 6). The effects
of survey year also have been indetectablefor numbers of al higher taxa at each site to date
(Tables 3, 6). For total fishes (whose estimates are more precise than those of herbivores and
carnivores), CVs of grand means were about 15% and 30% at FFS and Midway, regectively
(Tables 1, 2). Based on data collected through 2000, the statistical power to detect temporal
changes> 50% as a survey year effect (at « = 0.1) for numerical densities of total fishesusing a
nested 2-way (habitat within site, survey year) ANOV A model has been only about 45%. A
survey year difference of at least half again as large (= 75%) would have been necessary for an
80% probability of detection.

The apparent site similarity for all taxa pooled conceals opposing differences for yoy- and
older-stage fishes at FFS and Midway in recent years. Densities of yoy have been lower and those
of older fishes higher at FFS, and vice versaat Midway (Tables 1,2; site effect: all P < 0.001:
Table 3B,C). Thesignificant siteeffect for yoy persists even after the datafor one espedally
dynamic species, the endemic Hawaiian bigeye or “aweowe0” Priacanthus meeki (exceptionally
present in huge numbers at only 2 of 5 patch reefs, only on the 1997 survey at Midway), are
excluded (Table 3D; Fig. 1). Site differences in yoy are not dominated by at least one other major
taxon--the numerical densities of yoy damselfishes (Pomacentridae), a family that contributed
34% and 20% of all yoy (26% excluding aveoweo) and represented 30% and 32% of total fishes
at FFS and Midway, respectively, did not differ between sites (Tables 1, 2, 3E,F). Rather, the
observed differences between FFS and Midway in yoy densities have been causad by differences
between sites in recruitment by a variety of other species of reef fishes. There also has been no
apparent temporal pattern to the fluctuations in yoy recruits at either site; at both FFS and
Midway, yoy fish numbers have not varied monotonically or in any other predictable manner
over time during 1992/93 and 1995-2000 (Fig. 2).
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One generally significant spatial factor influencing numerical densities has been habitat
type. For most compound taxa, the effect of habitat (nested within site-see Methods) has been
consistent and highly significant at both FFS and Midway (Tables 3, 6). Overall, total numerical
densities on lagoonal patch reefs have averaged nearly five- and threefold greater than on the
barrier reef of the respective site since 1992/93 (Fig.1). At FFS, the densities of total fisheson
patch reefs were an estimated 3.9, 5.5, and 8.5 times greater than on barrier reefs during 1998,
1999, and 2000 (Table 1). At Midway the corresponding estimates were 2.2, 3.8, and 2.0 times
greater on patch reefs (Table 2).

Density contrasts have differed between trophic levels. Herbivorous (primary consumer)
fishesin general have been denser at barrier reefs and carnivorous fishes (secondary consumers)
have been denser at lagoonal patch reefs at both FFS and Midway (Table 6). Since 1992,
herbivores at FFS have been only slightly less numerous (46% of total fishes) than carnivores on
its barrier reef; conversely, carnivores have been much more numerous (73%) than herbivores on
lagoonal patchreefs at FFS (Tables 1, 6). The benthic carnivoreguild has dominated numerically
in both barrier and patch reef habitats (55% and 54% of al carnivores, respecti vely) at FFS
(Table 4). The distribution of trophic categories among habitats has been qualitatively consistent
over the entire time seriesat FFS (T able 4). Likewise at Midway, herbivores have been alarge
minority (46% of total) on its barrier reef, whereas camivores have dominated (79%) on patch
reefs (Tables 2 and 5). The benthic carnivore guild has dominated numerically in both habitats at
Midway aswell (43-64% of al carnivores; Table 5).

One additional factor that might possibly be influencing fish densities di fferently at FFS
(where the population of monk sealsisrelatively dense but declining) and at Midway (where the
monk seal population isrelatively sparse but increasing) is whether or not a particular taxon
contributes significantly to the monk seal diet. For this reason, we evaluated whether site, survey
year, or habitat factors might beinfluenci ng densities of top-ranked families of monk sed prey.
Results were mixed: the densities of two fish families were lower a FFS, two were lower at
Midway, and the densities of afifth family were indistinguishable between FFS and Midway
(Table 7; Fig. 3).

Body size composition.--At FFS low and variable proportionsof yoy and other small-
bodied fishes contributed to length-frequency tallies in 1998-2000; overall, yoy comprised 15, 8,
and 7% of al fishestallied on the 1998, 1999, and 2000 surveys (Table 1). The corresponding
estimates at Midway were higher but less variable (34%, 32%, and 31%) in 1998, 1999, and
2000, respectively (Table 2). At both FFS and Midway, length-frequency distributions differed
among the 1998, 1999, and 2000 surveys in each and both habitats poded (K-Stests, all P <
0.001). If, for simplicity, all size-composition data are pooled over all survey years at each site,
length-frequency distributions differed between H-S and Midway for fishes in each major habitat
and both habitats pooled (2-sample K-Stests, all P < 0.001; FHg. 4A,B). This a least partly
reflects fundamental site differences in the average magnitude of yoy recruitment between
Midway (where yoy have averaged 37% of all fish [and 28% of al fish excluding P. meeki]) and
FFS (mean = 12%)(Tables 1,2, and 3B,D).

Variationsin yoy represent morethan just site differences at the spatial scale of entire
reefs, however. Yoy have been proportionately better represented on lagoonal patch reefs versus
the barrier reef at Midway but better represented (although at indistinguishably low densities) on
the barrier reef versus patch reefs at FFS (Fig. 1). During 1992 and 1995-2000 at FFS, yoy
contributed an estimated average 10% to fish totals at patch reefs versus 27% in barrier reef
habitat (Table 1). Yoy (excluding P. meeki) on average contributed 31 and 17% to patch reef and
barrier reef totals, respectively, at Midway during 1993 and 1995-2000 (Table 2).
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Length-frequency distributions also clearly illustrate some important differences between
reef sites and trophic levels after data are pooled by habitat over survey years (Fig. 4). Mean body
weight per fish individual has differed between FFS and Midway, and this has partly reflected the
presence of relatively more, larger-bodied lower-trophic-level fishes at Midway (site effect: 2-
way ANOVA, P=0.001; Tables 8, 9). Excluding transient predatory sharks and jacks, the size of
reef fish has averaged almost 40% larger at Midway (mean = 103 g - fish™) than at FFS (74 g -
fish™; Table 9). If sharks and jacks (non-monk seal prey) are included, however, the mean body
size of fishes at FFS (both habitats) inflates by over 40%, and the overall FFS estimate then
becomes indistinguishable from that for Midway, where both sharks and large jacks have been
much less frequently encountered (see Frequency Occurrence of Apex Predators, below).

The interrelations of fish body size with habitat and trophic level have been similar at
FFS and Midway. Like the yoy-older stage dichotomy in numbers, the body size of resident non-
apex predator reef fishes at each reef has averaged greater in barrier reef than patch reef habitat
(Table 8). Individual fish weight at FFS averaged nearly 50% greater on the barrier reef (89 g -
fish™) versus patch reefs (60 g - fish™) during 1992 and 1995-2000 (Table 9). At Midway, mean
body weight estimates aver aged over fivefold greater in barrier reef (172 g - fish™) versus patch
reef habitats (33 g - fish™) during 1993 and 1995-2000 (Table 9). The mean body weights of
herbivores (FFS: 120 g - fish™; Midway: 161 g - fish™) were greater than that of lower-level
carnivores (55 and 66 g - fish-1, respectively) overall; herbivores have tended to particularly
dominate in average size as well as numbers and biomass in barrier habitats at both sites (Tables
1,3, 9; Fig. 4). Lower-level carnivores have averaged over twofold smaller in body size (60 g -
fish!) than herbivores (140 g - fish™) overall; lower-level carnivores were especially small-bodied
on patch reefsat FFS (46 g - fish™) and at Midway (30 g - fish-1; Table 9) in particular.

Biomass Densities

During the past 3 years, the biomass densities of total resident (excluding apex predator)
reef fishes have, asin the preceding survey-years, general ly averaged around 1 kg -10 m at both
reef sites (Fig. 5). Estimates on shallow reefs at FFS were 1.35, 1.0, and 0.9 kg -10 m?in 1998,
1999, and 2000, respectively. Corresponding estimates were 1.2, 0.9, and 0.7 kg -10 m™ at
Midway (Table 8). Like the numerical densities of total fishes, total fish biomass densities have
varied imperceptibly over the entire time series (2-way ANOVA; site effect: P>> 0.1; Table 9).
CVsof grand means estimated through the 2000 surveys were 32% and 27% at the respective site
(Table 8). The statistical power to detect a survey year effect in a nested 2-way ANOVA for total
biomass density has thus far been about 78%.

Unlike total fish numbers, however, total fish biomass at the reef-site scale has differed
between habitat types at sitesin several interesting ways. For example, total biomass densities
have fluctuated around the same levels on the Midway barrier reef (1.42 kg -10 m®) and on FFS
patch reefs (1.55 kg -10 m?)--at levels more than twofold greater than on Midway pach reefs
(0.62 kg -10 m?)) and on the FFS barrier reef (0.52 kg -10 m?; Table 8). Overall values for
habitats pooled differed little between FFS and Midway if transient apex predators are excluded
from the estimates. However, if (for heuristic reasons not directly rdated to the issue of monk
seal forage) these apex predators are included, biomass densities actually averaged about one-half
higher at FFS (1.44 kg -10 m) versus Midway (0.99 kg -10 m®) because of the relatively greater
abundance of apex predators in both habitats at FFS.

Biomass densitiespartitioned by trophic levels show similar patternsat FFS and Midway.
In 1998 at FFS, the biomass density of total fishes ranged from 0.5 to 2.2 kg -10 m?, depending
on habitat (Table 8). Herbivores comprised 70% and 49% of total fish biomassin barrier and
patch reef habitats, respectively; the corresponding estimates for carnivores were 30% and 51%
(Fig. 5). Total biomass density ranged from 0.4 to 1.7 kg -10 m?in 1999, varying with habitat as
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in 1998. On the 1999 survey, about 25% of total biomass was represented by carnivores and 75%
by herbivores at BR stations, and about 56% and 44% were carnivores and herbivores,
respectively, at PR statlons (Fig. 5). Biomass densities similarly ranged between habitats from
0.1to 1.6 kg -10 m?in 2000 (Table 8). About 31% were carnivores and 69% herbivores on the
barrier reef, and 74% and 26% were carnivores and herbivores respectively, at patch reefs(Table
8). During a 3 recent yearse at FFS, biomass densities averaged about 1.1 kg -10 m? (59%) for
carnivores and 0.7 kg -10 m? (41%) for herblvoreﬁ on patch reefs. Analogous estimates at BR
stations were 0.09 (29%) and about 0.2 kg -10 m? (71%) for carnivores and herbivores,
respectively (Fig. 5).

Trophic partitioning of biomass between habitats at Midway during 1998-2000 was
smllar to that at FFS. Biomass density estimates at Midway in 1998 ranged from 0.5to 1.8 kg
10 m* depend| ng on habitat. Anal ogous biomass densities in 1999 and 2000 averaged 0.6 to 1.3
kg -10 mZ?and 0.4t0 1.1 kg -10 m’, respectively (Table 8). On the 1998 survey, about 27% were
carnivores and 73% were herbivores at BR st ons; conversely, about 69% were carnivores and
31% were herbivores at PR stations. About 45% were carnivores and 55% were herbivores on
the barrier reef on the 1999 survey, and 83% and 17% were carnivores and herbivores,
respectively, at patch reefs (Fig. 5). On the 2000 survey, about 26% were carnivores and 74%
were herbivores at BR stations, and about 61% and 39% were carnivores and herbivores,
respectively, at PR stations (Fi [¢] 5). During all 3 recent years at Midway, blomass densities
averaged dmost 0.4 kg -10 m (75%) for carnivores and about 0.1 kg -10 m (25%) for
herbivores on patch reefs (Fig. 5); the correspondl ng estimates for carnivores and herbivores at
BR stations were 0.45 (32%) and 0.94 kg -10 m? (68%), respectively (Table 8).

Y oy fishes consistently represented <1% of total biomass estimated on each annual
survey at FFS and Midway on the 1998-2000 surveys. Thiswas similar to patterns observed at
both sites prior to the 1997 survey. Rather, biomass densities, body weight metrics, and
numerical densities all support the doservation that relatively large-bodied (manly herbivarous)
reef fishes predominate in barrier reef habitats & both FFS and Midway, and that relatively small
(mostly micro-carnivorous) reef fishes comprise the majority of the fishes present on lagoonal
patch reefs at both sites, especially Midway (Tables 8, 9).

Frequency Occurrence of Apex Predators

Transient apex predators (sensu Carr and Hixon, 1995) comprising reef sharks, large
jacks, and uku are inadequately quantified by small-scale diver-transects because of the relative
rarity and patchy spatial and temporal distributions of these fishes. For this reason, we used
frequency of occurrence (presence-alsence at survey-stations) as an index of their abundances.
Sharks and uku in general were too rare (sharks in particular at Midway) for meaningful
evaluation of possble site (FFS versus Midway) and temporal effects. Both of the two largest-
bodied and most abundant species of large jacks (the giant trevally or white ulua, Caranx
ignobilis, and the bluefin trevally or “omilu”, C. melampygus) were encountered sufficiently
often to enable such an analysis. We were spedfically interested in whether any change in
encounter rate occurred begnning in 1996, when ecotourism was intiated at Midway. Overall,
each species of jack has been encountered less frequently at Midway relative to FFS since
surveys began in 1992/93 (Table 10); in addition, there has been ardative dearth of encounters at
Midway since 1996 (Fig. 6). Results to date are consistent with one or more types of human
impact at Midway that perhaps have been magnified since 1996 (see Discussion).

Deep Slope Survey at FFS in August 1998

In addition to the standard shallow-water survey, adiver visual observation survey was
conducted on the lower talus slope of the northwestem (windward) barier reef at F-S in August
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1998. A total of 55 fish and conspicuous macroinvertebrate (e.g., lobster, octopus) taxa were
encountered on eight, 20-min belt transects, each surveying a bottom area of approximately 150-
m?, conducted at two (52, 61 m) depths at each of four stations. Species richness was about
twice as great (28.2+ 4.6[se][n=4] taxa per transect) at the 52-m depth compared to the 61-m
depth (14.8+ 2.1 taxa per transect). A mgjority of the taxa encountered (58-59% at the two
depths) were the same as those present at the FFS shallow stations. The remaining 48-49% of the
organisms encountered were taxa (like zooplanktivorous anthiine bassl ets) representative of
greater depths in the NWHI. Octopus sp., slipper lobster (Scyllarides squammosus), and
muraenid and congrid eels together comprised a small minority (< 0.5%) of the organismstallied,
although a considerably greater (but inestimable) fraction of total biomass. A 2-way ANOVA of
depth nested within station effects on the numbers of individual organisms (of al taxa pooled)
encountered on transects was marginally (P=0.05) significant for both depth and station (Table
11).

Methods-Calibration Study

Direct diver counts using the Old Method were predictably rdated to direct counts using
the New Method; coefficients of determination (r?) for numbers and biomass were 0.46-0.47. The
New Method, however, produced numerical and biomass density edimates (an average of 16 fish
weighing 1.0 kg - m?), which were about threefold and twofold higher than the respective Old
Method estimates (Table 12; Fig.7). Indirect fish counts from video were more strongy related
(r*= 0.97 and 0.83 for numbers and biomass, respectively) to New Method direct counts than
were relations between the Old-New Method direct counts (Table 13; Fig. 8). Observations
ancillary to the calibrations per se also provide interesting data pertinent to reef fish surveying
methodol ogies (see Discussion).

DISCUSSION
Temporal Changes in Numerical Density

Previous reportsin an Administrative Report series have attempted to interpret year-to-
year similarities and differences in fish density estimates at FFS and Midway. The
comprehensive analysis of temporal and spatial patterns provided in this report supercedes the
evaluations provided by previous reports in the series. Prior-described patterns can be briefly
summarized as follows: Numerical fish densities at shallow-reef stations were first characterized
as having declined overall at FFS and Midway between the original 1980-83 baseline and the
initial survey (1992/93) in the recent time series (DeMartini et al., 1993, 1994, 1996).
Evaluations of subsequent temporal variation, starting with the first annual survey in 1995 and
continuing through 1997 (DeMartini and Parrish, 1997, 1998), were qualitative only because of
insufficient data.

Comprehensive analyses of the entire time series reported heran indicate that total
resident reef fish stocks remained at “normal” low (relative to 1980-83) levels throughout the
1990s. The densities of yoy fishes have been more dynamic (see below) but have nonethel ess
varied without pattern (trend).

Temporal Patterns of Oceanic Productivity

The relation between oceanic (planktonic) productivity and biomass (as aproxy for
production) of fishes on shallow NWHI reefs remains elusive. The early 1970s through mid-
1980swas an unusually turbulent and productive peri od i n the central North Pecific; conversdly,
the late 1980s and early 1990s signaled a return to more typical lower productivity in the NWHI
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ecosystem (Polovinaet al., 1994, 1995). Productivity since the mid 1990s has fluctuated both up
and down with El Nino and La Nina episodes with as yet no conclusive evidence for long-term
change over normally low levels (J. Polovina, pes. comm.). Thus the suggestions (insignificant)
increases and decreases in fish densities observed at FFS and MW during the second half of the
decade are consistent with other inconclusive measures of productivity.

Evaluating recruitment phenomena on finer taxonomic scales provides some limited
insights. Pomacentrids, a reef fish family with an atypically brief (2- to 3-wk-long: Wellington
and Victor, 1989) planktonic larvd stage, only weakly influenced spatial and temporal pattensin
fish counts even though they contributed a large minority to the total counts. Conversely, the
observed fluctuaionsin total yoy did reflect those of a variety of taxa with more typical, several-
month-long planktonic durations (DeMartini, ms under review). If recruitment variation is driven
by advective losses, risk should be proportional to time spent in the plankton. The inconstancy of
reef fish recruitment during 1995-2000 therefore suggests that the year-class success of most reef
fishesin the NWHI is not strongly determined by water-column productivity. Rather, chance
temporal and spatial vagaries of larval transport are likely important components of recruitment
success.

Density estimates for yoy, as opposad to older life-stege fishes, arguably provide the most
realistic measures of fl uctuations in oceanic productivity experienced by planktonic larvae. By
definition, yoy are present on reefs for less than a year, beginningimmediately after larvae sttle
from the plankton onto reefs. Y oy therefore should be least influenced by post-settlement
processes such as competitive and predatory interactions with reef-based stages of the same and
other species. Fluctuations in the numbers and biomass of older-stage fish already resident on the
reef (comprising many year-classes in most species) are buffered by populaion inertia.
Resistance to short-term changein numbers is true collectively among species comprising trophic
levels, foraging guilds, and the total reef-fish assemblage aswdl as within particular species (the
latter has been referred to as the "storage effed” by Warner and Chesson, 1985). Assuming, then,
that these yoy data provide the most sensitive measure of productivity fluctuation, there is scant
evidence for temporal patternsin recruitment since the recent time series began in 1992/93.
Neither monotonenor clearly cyclic fluctuations in recruitment are indicaed by plots of yearly
estimates across time (Fig. 2), despite the occurrence of major El Nifiosin 1992-93 and 1997-98,
followed by a strong La Nifiain 1999. Hence, the fluctuations in yoy fish densities that did in fact
occur were not dearly rdated to the timing of El Nifio/La Nifia eventsin the central North
Pacific. That yoy densities fluctuated independently of ENSO events contrasts with the
observation that the body girth (somatic condition) of young monk seals at FFS and at Laysan
Island appeas to have increased during both the 1992 and 1998 EIl Nifio years (J. Baker, NMFS,
unpubl. data). Perhaps our yoy density estimates do not adequately represent actual year-class
productivity or yoy fishes do not represent a meaningful measure of monk seal prey production.

Temporal Patterns of Fish Size Composition and Biomass

Although the average body size of fishes has varied with habitat and reef-site, average
sizein general has not fluctuated appreciably over time for paticular habitats within sites. In part
thisreflects the lack of temporal pattern in the relative contribution of small-bodied yoy to total
fish numbers for habitats within sites Interannud variationsin totd fish biomass densities,
moreover, have been indistinguishable and little influenced by fluctuations in yoy numbers
because yoy contribute trivially to total fish biomass. Throughout the time series, yoy have
consistently represented less than several percent of total standing biomass. Large yoy
recruitments can potentially translate to substantial biomass following grow-out of established
year-classes, especialy if aseries of good year-classes occurs in sequence. A possible example
would have been the 1997 year-class of P. meeki, had it become established. However, this did
not occur. The exceptional one-time recruitment of P. meeki (with densiti es of nearly 40 yoy -10
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m? at only 2 of 5 Midway patch reef stations) occurred only in 1997. Larger-than-yoy P. meeki
were scar ce, and yoy P. meeki were not observed present at historical stations or elsewhere at
Midway in 1998-2000. We have never observed greater than triviad numbers of yoy P. meeki at
FFS. Given the inconsistent pattern of yoy recruitment observed, it is not surprising that
estimated biomass density at both Midway and FFS, averaged over both major (barrier, patch
reef) habitats, have ranged indistinguishably around 1 kg-10 m from 1992/3 through 2000
(DeMartini and Parrish, 1996, 1997, 1998; Fig. 5, this report).

Site Differences in Densities and Composition of Monk Seal Prey

Because of poorly understood specifics of the monk seal forage base, the densities of
likely (Goodman-Lowe, 1998) monk seal prey have had to be evduated at a gross taxonomic
(family) level. Nonetheless, some interesting patterns have emerged. Two cases of lower prey
densities at FFS are consistent with ahigher |evel of monk seal predation there (T able 7A,B; Fig.
3A,B). Muraenid (moray) eels, which rank amongthe top 3 prey of monk seals, and synodontids
(lizardfishes), a secondary prey of seals (Goodman-Lowe, 1998; Parrish et al., 2000), were
observed to occur at ten- and sixfold lower densities at FFS, where the monk seal population,
although perhaps still declining, is nonetheless large and surely must be reducing popul ations of

Major prey species.

Other significant site differences in the taxonomic composition of monk seal prey are best
explained either in terms of biogeography or site-habitat interactions. Labrids (wrasses), for
example, were al 0 relatively less numerous at H=S, but this likely reflects differences in labrid
species composition between sites (labrids are more diverse at Midway because of relatively high
standing stocks of many endemic Hawaiian species such as Anampses cuvier, Coris venusta,
Macropharyngodon geoffroy, and Thalassoma ballieui). Conversely, the relatively greater
density of balistids (triggerfishes) at FFS refleds the contributions of Melichthys vidua and
Sufflamen bursa, two strictly tropical Indo-West Pacific species that are rare to absent at
subtropical high-latitude Midway. Densities of holocentrids (squirrelfishes) on the other hand
have been consistently greater at FFS because the more complex, three-dimensional patch reefs
there provide the greater amounts of daytime shelter resources necessary to support higher
standing stocks. The densities of one other major prey taxon--scarids (parrotfishes)--were
indistinguishable between sites. Scarids exhibit no biogeographic or habitat relations which
might complicate site comparisons.

Observed pattems of variation among habitats in the size composition of reef fishes also
might have important relations to mork seal foraging Small-bodied reef fishes (comprigng both
yoy of small and large species and older-stages of small-bodied species) predominate in wave-
sheltered lagoonal patch reef habitat (this study; DeMartini, ms under review). Lagoona patch
reefs at atolls may provide important foraging habitat for young monk seals learning to forage,
particularly if they forage on smaller prey items.

Similarities and differences between FFS and Midway in the taxonomic and size
composition of red fishes also haveimportant biogeographic implicaions. As Randall etal.
(1993) noted previoudly for Midway, the percentage endemism of the reef fishesin the NWHI--
at FFS aswell as Midway--is particularly high (30% and 32% at the two respedive sites,
Appendix Table B) relative to the overall level of endemism in the shore fishes of Hawaii (23.1
%: Randall, 1998). We herein providethe first quantitaive evidence tha the shallow reef fish
faunas of both FFS and Midway are also dominated in abundanceby Hawaiian endemics, which
comprised 41% and 57%, respectively, of total numerical densities. Endemic species represented
26% of the non-apex predator biomass at FFS; and the biomass represented by endemics (45%)
was especially pronounced at Midway (Appendix Table B). Greater proportionsof endemic
species at Midway, farther northwest (upchain, downwind) in the archipelago, may be related to
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patterns of larval transport and distribution due to prevailing currents (DeMartini, ms under
review).

Trophic Structure of the NWHI Reef Fish Assemblages

Both FFS and Midway Atoll, like other shallow reefs and atolls in the NWHI (Friedlander
and DeMartini, 2002) are dominated by carnivorous rather than herbivorous fishes in terms of
numbers and especially biomass. Biomass on tropical reefsis an inverted trophic pyramid
because most of the carnivorous fish biomass is supported by invertebrate animal plankton and
reef-based invertebrates, not by herbivorous fishes (Parrish, 1990). Fish numbersin particular are
dominated by carnivores because the most numerous fishes in tropical reef ecosystems are small-
bodied, plankton- and invertebrate-feeders that prey on small water column and reef invertebrates
(Parrish, 1990). One apparent (at least partial) exception to this generality is represented by reef
fish assemblages in the main Hawaiian Islands (M HI) that are presently much less carnivore
dominated than anal ogous habitats in the NWHI, even after allowing for the virtual asence of
apex predatorsin the MHI (Friedlander and DeMartini, 2002). The greater rate of extraction of
carnivorous species (subject to removal by hook-and-line as well as speafishing) likely provides
at least part of the explanation for the relatively depressed lower-levd carnivore stocksin the
MHI (Friedlander and DeMartini, 2002). Were it not for human extraction of herbivores and
lower-level carnivores, in addition to apex predators in the MHI, indrect ecosystem effects
resulting from the near-extirpation of apex predatars in the MHI might already have become
evident. Plausible mechanismsinclude coral-algal shifts (McManus et al., 2000) resulting from
predatory rel ease of the herbi vorous parrotfish prey preferred by Caranx spp (Sudekum et al.,
1991).

Frequency Occurrence of Large Jacks

Fregquency occurrence is an abundance proxy which is oftentimes necessary for assessing
stocks of large rare fishes (Thresher and Gunn, 1986). Caranx ignobilis and C. melampygus are
the two most abundant and frequently encountered species of large carangids in the NWHI
(Hobson, 1984; DeMartini et a., 1996; Friedlander and DeMartini, 2002). The frequencies of
encounter (abundances) of both of these species have been low at Midway, relative to FFS, since
1992/93 and, perhaps more significantly, since 1996 at Midway. It islikely that four decades of
recreational fishing after WW 11 by Naval Air Station personnel and contractors prior to 1996,
even if limited to incidental capture and extraction of nontargeted fish, has reduced the stocks of
jacks at Midway. It isalso likely that the apparent further declines observed subsequent to 1996,
when jurisdiction of the Midway Naval Air Facility was transferred to the U.S. Fish and Wildlife
Service, arerelated to one or several ecotouri sm activities (recreational catch-and-release fishing,
sport diving), which were established shortly after base transfer. The ability to distinguish
human-induced alterationsin fish behavior (conditioned decrease in attaction to, or increased
avoidance of, boats and divers; e.g., see Kulbicki, 1998) from actual declinesin population size
(for example, due to catch-and-rel ease-induced mortality) would require more than continued
diver-observer surveys of fish abundances, howeve. One or more experimental evaluations of
population size and mortality would be necessary. These indude a carefully designed and
documented conventional tag-recapture program with an adequate evaluation of tag loss (which,
if large and ignored, generates a bias for overestimation of population size). Also needed isan
evaluation of the possible physiological impact of alengthy capture process (i.e., when fish are
played to exhaustion on light tackle for International Game Fsh Association world records). The
possibly deleerious effectsof physiologcal stress should not be discounted even though these
physically tough organisms can be “horsed’ with impunity on heavy teckle. Blood samples could
be analyzed for biochemical correlates of post-release survivability for uluas caught on light
versus heavy tackle. Their post-release behavior and survival could perhaps be monitored by
tagging a representative subset of the blood-analyzed fish with Pop-up Satellite Archival Tags.
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Deep-Reef Survey at FFS

The numerical densities of fishes and macroinvertebrates at deep talus slope stations were
considerably less than at the shallower reef stationsin August 1998, conservatively averaging
about 5% as dense as on the shallow reefs (where only finfisheswere tallied). This was especially
true at 62 m, where the organisms surveyed were < 2% as denseas fishes in shallow reef habitats.
There was considerable overlap in the species composition of fishes encountered at 52- and 61-m
depths on the windward talus slope of the barrier reef and those observed in shallow barrier and
lagoonal patch habitats at FFS. Sizes of fish prey captured by monk sealsin deep slope habitat at
FFS (Parrish et a., 2000) broadly overlap with the sizes of fishes present on shallow reefs at FFS
(Fig. 4, thisreport). The monk seal forage spectrum therefore differs more quantitatively than
qualitatively between shallow and deep regions of the redf at FFS. Generally lower abundances
seem characteristic of talus slopes, even though the limited data suggest that abundances vary by
afactor of 3 between areas like stations 3 and 4 (offshore of Tern Island) with more and larger
pieces of talus and areas like stations 1 and 2 (farther to the southwest off Shark Island) with
smaller talus. Interestingly, criTtercam and other activity data suggest that at |east adult male
monk seals commonly forage in the more developed talus fields off Tem Island during daylight
hours (Parrish et al., 2000). Foraging on deep tdus slopes rather than in shallow red habitats
may reflect greater prey availability in a shelter-limited environment. Prey availability, not prey
abundance per s, could be the mgor factor influencing foraging habitat use by monk seals
(Parrish et al., 2000), at least for some seal populations and habitats.

No information is presently available on interannual variations in the abundances of
potential monk sed prey on deep talus slopes at H=S. A second diver-survey, conducted in July
1999 by FAP and RCB at the same station-areas, emphasized the tallying of organisms present
under taus fragments (FAP, unpubl. data) and isnot directly comparable to the 1998 survey.
Additional deep survey work using technical dive gear is necessary to address temporal issues.

Methods-Calibration Study

The various matched samples differ in the nature aswell as the strength of their
relationships to one another, although all relationships, as logic dictates, were positive. The two
types of direct (diver) counts were fairly strongly related to one another, with one count type
explaining about one-half of the variance in the other type of count. Indirect counts (video
records) and the New Method diver counts were more strongly related and explained over three-
fourths of the variance in one another. We believe that these results demonstrate several
important phenomena. First, the relatively rapid (50 n? - 3 min™) visual scans required by the
Old Method undersampled small cryptic fishes even though they perhaps better sampled larger-
bodied, more mobile fishes, compared to the more methodical, slower (50-100 n¥* -10 min™*)
searches used in the New Method. Second, even a brief (half-hour) temporal lag has a greater
effect on the reproducibility of direct diver counts than a small (5-m) spatial offset. This latter
might be expected given the benefit of hindsight because much of the temporal variation in both
fish numbers and biomass in barrier reef habitats is caused by the movements of roving, typically
heterospecific, schools of large numbers of moderately large-bodied herbivores, primarily
surgeonfish. (When present, these schools equivalently dominate counts separated by only
several meters distance.) Last and most importantly, the various types of density estimates can be
predicted from one another, even though the indirect (video) count appears less acaurate than the
others (see below). For example, the New Method of drect counts allows for a more careful tally
of small-bodied, cryptic fishes and thereby provides a more thorough, hence accurate,
characterization of fish diversity.

Our video records tended to greatly over-document the presence of fishes, especially
some species such as the wrasses Thalassoma ballieui, T. trilobatum, and T. purpureum that are
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unavoi dably attracted to moving (or stationary) divers. Severa detail ed comparisons (Epperly,
1983; Bortone et al., 1986; Greene and Alevizon, 1989) describe the relative abilities of video
and direct diver tallies to characterize fish assemblages in terms of species composition, rank
abundances, and frequency of occurrence. However, only Greene and Alevizon (1989) compared
quantitative abundance estimates between these two methods. At unnaturally hightotal fish
densities of nearly 100 fish- 10 m?, albeit in a controlled coral reef environment at the “Living
Seas’ exhibit at Walt Disney World, Epcot Center, video transects produced abundance (count)
estimates which were about 27% higher (Greene and Alevizon, 1989) than estimates produced by
direct-diver count transects. Our video overestimate for total fishes (on average nearly fourfold
higher) was appreciably greater than this and may partly reflect the less-controlled field
conditions of our study. The discrepancy between our and Greene and Alevizon’s (1989) findings
might also be due in part to the unnaturally high fish densitiesin the “Living Seas’ tanks. The
additional comparative data needed to quantify differences between methods are lacking. To our
knowledge, no one else has compared quantitative fish density estimates using unde'water video
and direct diver observations. It would however appear, based on existing data, that video records
likely provide a biased (inaccurate) although (if carefully standardized) precise and predictable
index of actual fishdensities.

The calibration sudy provides information useful for converting between the recent time
series of fish density estimates (this study) and newly derived estimates using surveying
protocolsdevel oped for the broad-scd e Rapid Ecologicd Assessments conduded by the NOW-
RAMP. The first NOW-RAMP survey overlapped the 2000 survey described herein, and this
allows us to compare fish densities that were independently, and almost concurrently, estimated
using two (test versus operational) applications of the New Method at one (FFS) of the two sites.
If the NOW-RAMP data for FFS are limited to those cdlected by RCB (to control for some
unavoidable variability among divers), the mean + se densities (N -10 m?) produced by the two
New Method applications was 8.3+1.05 (test; 9 stations) and 9.7+3.10 (operational; 6 other
stations) total fish -10 m2. These two obviously indistinguishable estimates demonstrate the
generality of the results of our Methods-Calibration Study. The New Method should estimate the
density and biomass of resident reef fishes with accuracy and precision comparable to the Old
Method. In addition, Stationary Point Counts (SPCs; Bohnsack and Bannerot, 1986) and Towed
Diver Counts (both included in the NOW-RAMP sampling protocol) will provide new
information on the density and biomass of apex predators(sharks and jacks). Thus the NOW-
RAMP program should provide additional information on the potential competitors and predators
of, aswell as prey resources of, the monk seal over alarger geographic area.

SUMMARY

Comprehensive results are presented for an extensive series of multiyear surveys of
shallow (< 15-m deep) reef fish populations at select reef sites. Data are summarized for 1998,
1999, and 2000 surveys and temporal and spatial patterns statistically evaluated for the entire
1992/93 and 1995-2000 time series of surveys at FFS and Midway Atoll, two atollsin the
Northwestern Hawaiian Islands (NWHI) whose Hawaiian monk seal (Monachus schauinslandii)
populations are of particular concern to protected species management. Two types of special
diver-survey results are also provided: (1) a one-time (August 1998) survey of fishes and
macroinvertebrates (potential monk seal prey) in deep (52, 61 m) talus slope habitat at FFS and
(2) amethods-calibration survey conducted at the two sites in 2000.
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Recent Survey Results

During July-August of 1998, 1999, and 2000, experienced diver-biologists visually
resurveyed reef fishes at both sites. Surveys were repeated at the same station-areas at which
fishes were surveyed in July 1992 (at FFS), in August 1993 (Midway), in September 1995 at both
sites, in August (FFS) and September (Midway) 1996; and in August 1997 at both sites. Nine
stations in two habitats (four on inner and outer barrier reefs and fiveon lagoonal patch reefs)
were surveyed at FFS; nine stations were similarly sampled at Midway. Either all three or two of
the same three divers (EED, FAP, RCB) conducted dl surveys usng established protocols.

At FFS, the estimated mean total numerical density (all fish taxa except apex predators)
was 17 + 1.5(se), 18 + 1.9, and 20 + 2.5 fish-10 m2 in 1998, 1999, and 2000, respectively. The
analogous 1998, 1999, and 2000 estimates at Midway were 17+ 1.8, 18+ 4.7,and 9+ 1.5
fish-10 m™. Y oy fishes comprised 15%, 8%, and 7% of total fish numbers at FFS, and the
respective estimates were 34%, 32%, and 31% at Midway in 1998, 1999, and 2000. Standing
biomass estimates at FFS during 1998-2000 ranged from 0.1-0.5 kg -10 m? and from 1.6-2.2 kg
-10 m?, in barrier (BR) and patch reef (PR) habitats, respectively. The corresponding estimates
for Midway were 1.1-1.8 kg -10 m? and 0.4-0.6 kg -10 m? in BR and PR habitats during 1998-
2000.

Special Surveys

Additional diver-observation surveys were conducted in August 1998 in deep slope
habitat of the windward barrier reef at FFS. Two divers (FAP, RCB), using technical dive gear
and mixed gases, surveyed two (52, 61 m) depths at each of four stations. On each dive, al fishes
and other conspicuous fauna (macroinvertebrates such as octopus and lobsters) encountered
within a @ 2-m wide path during a 20-minute observation-swim were tallied by noncortiguous,
3-min interval to provide a mean count and variance estimate per depth at each station. Species
richness was higher (28.2+ 4.6[n=4] taxa per transect) at the 52-m depth compared to the 61-m
depth (14.8+ 2.1 taxa per transect). A mgjority of the taxa encountered (58-59% at the two
depths) were the same as those present at FFS shallow stations. A 2-way ANOVA of depth
nested within station on the numbers of individual organisms (all taxa pooled) encountered on
transects suggested depth and station effects that each varied about threefold, with higher counts
at the shallower of the two depths and at the pair of stations having more numerous and larger
pieces of talus.

Two types of methods-calibration surveys were conducted in 2000. (1) Standard (50-m
long by 5-m wide; 250-nv area, 15-min duration) fish counts conducted using historical protocols
were matched with same-diver counts in a 2-m-wide (100 n¥, 10-min duration) strip centered on
the wider lane but lagged by 30 minutes. The samediver (RCB) was used in all matched-pair
surveys to remove the variance added by diver differences. (2) The latter 100-n¥ area diver-
counts, devel oped for the NOW-RAMP, were matched with video records for a 2-m-wide strip,
surveyed concurrently by a second diver, about 5-m to one side of the 2-m-wide strip in which
RCB was counting fish. The two types of calibration thus included the effects of a brief (half
hour) time lag and short (5-m) spatial separation, respectively, when comparing the two types of
direct counts and comparing the newly developed counting method with the video record. Two
series totaling 22 matched-pair surveys (9 at FFS, 13 at Midway) were completed at outer and
inner barrier reef habitats. Both calibrations produced useful results. The two types of direct diver
count methods were adequately correlated for both total fish density and total fish biomass (r
~0.68). The new type of direct count was even better correlated with the video transect record
(numbers: r = 0.98; biomass: r = 0.91), suggesting that replicability (precision) of fish estimates
ismore strongly influenced by abrief time lag than by a small spatial offset, when estimating
numbers and biomass dominated by home-ranging, schooling spedes, in particular the mixed-
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species feeding flocks of herbivores that dominate biomass on barrier reefs. The excellent
correlation observed between the indirect (video) and direct diver counts suggests that, in the
future, it might be possible to collect useful fish counts on video transects using competent divers
who need not be experienced in underwater identification of Hawaiian fishes and in spedfic data
recordi ng protocol s. Twenty-minute video clips require an average 90 minutesto process by a
trained observer in the laboratory, however; and this tradeoff is one important factor that must be
considered when deciding whethe video records should be used to replace direct diver counts.

Comprehensive Time Series Evaluation

The 2000 surveys at the shallow stations represented the seventh in an 8- to 9-yr series of
annual surveys at Midway/FFS intended to estimate nonapex predator fish densities on shallow
reefs with a precision capable of detecting 50% or greater changes over a decadal time scale.
Data are as yet insufficient for meaningful evaluations of change; not surprisingly, total fish
densities were indistinguishabl e between sites and among years at each site. Grand means for the
entiretime serieswere 17 + 0.7 and 16 + 1.3 fish -10 m? at FFS and Midway, respectively, and
16.5 + 0.9 fish -10 m™ for both sites pooled. Y oy representation did not differ among years within
site but did differ between sites; on average, yoy have contributed 12% and 28-37% to total fish
densities at FFS and Midway, respectively, since 1992/93. The biomass densities of resident reef
fishes (excluding apex predators) were generally indistinguishable between sites and among all
years at each site. Grand means for the entire time serieswere 1.03 + 0.09 and 1.02 + 0.07 kg -10
m? at FFS and Mi dway, respectively, and 1.03 + 0.06 kg -10 m* for both sites pooled.

Although surveys are yet too few to expect many powerful evaluations, several interesting
changes over time and spatial similarities and differences between the two sites have been
detected. Namely, (1) persistently large differences in the numerical densities of two taxa of
monk seal prey (muraenid eels: atenfold difference; lizardfishes asixfold difference) exist
between Midway (where monk seds are still relatively uncommon but increasing in numbers)
and FFS (wherethe monk seal populaion, athough declining in recent years, isstill relatively
numerous). No meaningful site differences were detected for four othe families of reef fishes
(Balistidae, Holocentridae, Labridae, Scaridae) considered to be major monk seal prey by
Goodman-Lowe (1998), or for trophic levels (herbivores, carnivores) or major carnivore feeding
guilds of fishes. (2) Although overall fish densities have been indistinguishable between FFS and
Midway, the densities of yoy fishes have averaged at |east twofold greater at Midway. Y oy
densities at Midway have averaged >250% greater overall than at FFS (if the highly variable
Priacanthus meeki isincluded) and 200% greater (excluding P. meeki). Conversely, the mean
densities of older-sized fishes have been about one-third higher at FFS, indicating that if the
pattern continues, the densities of biomass-dominant adults will eventually diverge at the two
sites. (3) Compared to FFS, two species of large carangid jacks (gant trevally, Caranx ignobilis,
bluefin trevally or omilu, C. melampygus) continue to be encountered in threefold to fivefold
lower frequency at Midway, where they had been fished by US Naval Air personnel prior to 1996
and where they have been the target of a catch-and-release fishery since Midway was transferred
to the USFWSin 1996. Withthe addition of theyear 2000 survey data we were able to detect a
significant (P=0.02) decline in the relative frequency occurrence of each of the two species of
large jacks at Midway fish-survey stations since 1996.

Several additiond, fundamental paterns (common to bath sites) have become apparent:
(1) Larger-bodied fishes (both species and life-stages within species; and herbivorous
parrotfishes and surgeonfishes in particular) dominate barrier reef habitats. Conversdy, (2)
smaller-bodied fishes, including the yoy of parrotfishes that are common on the barrier reef as
adults, and the juveniles-adults of many smaller-bodied species of microcarnivores (wrasses in
particular) are relatively abundant on lagoonal patch reefs. (3) Numerical densities are generally
higher on patch reefs, whereas biomass densities are higher on barrier reefs. These observations
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suggest that sheltered lagoonal reefs provide essential habitat for the juveniles of many fishes at
NWHI atolls, afactor that should be included in the site-selection criteriafor no-take MPAs
within the NWHI Coral Reef Ecosystem Reserve.

Finally, patterns of fish numbers and biomass at FFS and Midway are reeval uated
relative to the possible current and future food limitation of monk sealsat FFS. The most
important observaionsin this regard are the opposite patterns of yoy and older fish density in
shallow habitats at FFS and Midway despite similar overall standing stock fish numbers and
biomass. Reef fish stocks at these two reef-sites, although presently comparable, appear to have
different underlying dynamics. If the process (relatively lower recruitment at FFS) producing
these patterns continues, the abundance of shallow-water reef fishes at FFSin time will decline
sufficiently to enable detection of ageneral dearease in standing biomass of fishes at FFS. Such a
decline would be consistent with Schmelzer’ s (2000) recent findings of sustained lower
planktonic productivity at mid- versus high-latitude regions of the Hawaiian Archipelago based
on remote imagery and the possibly continuing poor body condition of juvenile seals at FFS.

CONCLUSIONS AND RECOMMENDATIONS

The standing biomass of lower-trophic-level (excluding apex predator) fish populationsin
shallow reef habitats has remained indistinguishable at about 1 mt -ha* at FFS and Midway Atoll
during the period from 1992/93 through 2000. Despite the present similarities in stocks, resident
reef fishes at F-S and Midway have different underlying dynamics. Possible future changesin
reef fish abundance argue for extended monitoring at both sites because of the present evidence
suggesting likely futuredeclines in reef fish stocks at FFS and the importance of Midway as a
potential translocation site for seals. In general, the link between reef fish recruitment and
production and meaningful increases in the reef fish component of the monk seal forage base still
needs to be furthe described. Thecrucial assumptions—yet to be tested-inking fluctuations in
oceanic productivity, reef fish abundance, and monk seal foraging biology are that shallow reef
fishes are important to the forage base of female and juvenile monk seals and that the
availabilities of these prey fishes are meaningfully related to their abundance. Testing the former
assumption would require data on the prey consumed and habitats utilized by femaleand juvenile
seals. Quantitative estimates of how the searching and capture efficiencies of monk seals of
various ages and sexes might differ among prey types and habitats would be required to test the
availability-abundance assumption. Both will be very difficult and costly, but their potential
importance to monk seal conservation might justify the effort.

Reef sharks likely both compete with and prey upon monk seals to some extent, and
carangids may be important competitors of monk seals-e.g., numerous criTTErRcam ObsServations
have documented monk seals being kleptoparasitized by white ulua, kahala, and resf sharks
(FAP, unpubl. data). It is therefore important that future surveys of fish stocks in the NWHI
include quantitative assessments of sharks and jacks. The comprehensive sampling design
developed for surveying fishes by the NOW-RAMP includes several estimators of apex predator
densties. The moreintens ve as wel |l as extensive sampling conducted on NOW-RAMP surveys
could provide finer resolution of temporal patterns for apex predatorsand other reef fishes,
depending on monitoring frequency after completion of initial baseline surveysin 2002.
Experimental evaluations of the survivability of giant uluafollowing catch-and-rdease on light
tackle also are needed to determine what, if any, effects catch-and-release has had on the ulua
population at Midway and what effects on uluas (and indirectly on monk seals) therefore might
be expected if catch-and-rel ease programs were conducted elsewherein the NWHI.
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Possibly important differences in the prey consumed by monk seals at the various NWHI
reefs and atolls (Goodman-L owe, 1998) need further evaluation. Onepotentially valuable, as yet
untapped, source of existing information might be a comparison between occurrence of prey taxa
in scats and spews and relative abundance of these taxa at the respective site. Concurrent
scat/spew-prey density data, in the past colleded only at H-S and Midway, could be expandedin
the future to include other NWHI sites as the NOW-RAMP develops. One complicating
interpretative issue, however, will be whether to expect prey densities to be diredly or inversely
related to the incidence of prey in scats and spews. It all depends on whether monk seal's continue
to target heavily utilized prey after the stocks of these prey have been depressed by seal foraging
at asite.

Patterns in our NWHI reef fish data dso transcend issues directly related to monk sedls.
In the past we have characterized our long-term average estimates of fish biomass densities
(about 1 kg -10 m) on relatively pristine, shallow NWHI reefs as about twicethe average level
of fish standing biomass on shal low, expl oited reefs in the main Hawaiian 1ands (MHI) (Grigg,
1994; DeMartini et al., 1996). Based on recent complementary estimates of fish standing stocks
in the MHI and throughout the NWHI (Friedlander and DeMartini, 2002), we now believe that
our prior evauations underestimated existing NWHI-MHI differences in fish standing stocks. If
the biomass of apex predators, now virtually extirpated in the MHI, is added to that of other
carnivorous and herbivorous fishes on NWHI reefs, the overall difference approaches aratio of
more than 3-to-1 (means of > 2 mt - ha' in the NWHI versus about 0.7 mt - ha in the MHI;
Friedlander and DeMartini, 2002). We reemphasize the importance of these differences as
evidence for the continuing high levels of exploitation of reef fishesin the MHI and the pressing
need for ecosystem-level management of reef syssemsin the MHI aswell asNWHI.
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Table 3

French Frigate Shoals and Midway—Summary results of factorial ANOVAs testing the effects
of habitat (2 levels: barrier, patch reef) nested within the two sites (FFS, Midway), and of survey
year (7 levels: 1992/93, 1995-2000), on the numerical density (N - 10 m?) of (A) total fishes of
all sizes and taxa (excluding apex predators); (B) young-of-year (yoy) fishes of all taxa; (C) older
fishes of all taxa; and (D) yoy fishes of all taxa minus the endemic Hawaiian bigeye Priacanthus
meeki: (E) all sizes of all taxa of damselfishes pooled; and (F) yoy of all damselfishes pooled. A
survey year effect and all higher-order (interaction) terms were insignificant (P > 0.05) in all
cases and are not listed. The results of Student-Newman-Keuls a posteriori tests are provided
with their least squares means (underlined if not significantly different).

(A) Total fishes, all sizes of all taxa (N - 10 m?; model r* = 0.488):

Source df SS MS F-ratio Prob>F
Model 3 9630.5 3210.2 38.75 0.0001

Habitat (Site) 3 9630.5 3210.2 38.75 0.0001

Error 122 10107.0 82.8

Cor. Total 1255 19737.5

Habitat(Site): PR(FFS)=PR(MW)>BR(MW)=BR(FFS)
26.0=22.4>8.2=5.6

(B) Yoy fishes, all taxa (N - 10 m?; model r* = 0.212):

Source df SS MS F-ratio Prob>F
Model 3 1498.5 499.5 10.93 0.0001
Site 1 350.2 350.2 7.66 0.0065
Habitat(Site) 2 1055.9 527.9 11.55 0.0001
Error 122 5576.9 45.7
Cor. Total 125 7075.4

Site: MW>FFS
3.4>2.1

Habitat(Site): PR(IMW)>PR(FFS)=BR(FFS)=BR(MW)
9.5>2.6=1.5=1.4
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(C) Older fishes, all taxa (N - 10 m?; model r* = 0.568):

Source df SS MS F-ratio Prob>F
Model 3 7016.7 2338.9 5343 0.0001
Site 1 453.5 453.5 10.36 0.0017
Habitat(Site) 2 6363.7 3181.9 72.68 0.0001
Error 122 5340.8 438
Cor. Total 125 12357.5

Site: FFS>MW
13:.7>9.9
Habitat(Site): PR(FFS)>PR(MW)>BR(MW)=BR(FFS)
23.3>12.9>6.8=4.0
(D) Yoy fishes, all taxa minus P. meeki (N - 10 m?; model r* = 0.296):

Source df SS MS F-ratio Prob>F
Model ! 665.8 221.9 17.12 0.0001
Site 1 134.7 134.7 10.39 0.0016
Habitat (Site) 2 494.9 247.5 19.09 0.0001
Error 122 1581.8 13.0

Cor. Total 125 2247.6
Site: MW>FFS
4.2>2.1
Habitat(Site): PR(IMW)>PR(FFS)=BR(MW)=BR(FFS)
6.9>2.6=1.5=1.4
(E) Damselfishes, all sizes of all species (N - 10 m?; model i* = 0.544):

Source df SS MS F-ratio Prob>F
Model 5 1056.17 352.06 48.51 0.0001
Habitat(Site) 3 1056.17 352.06 48.51 0.0001
Error 122 885.37 7.26
Cor. Total 125 1941.54

Habitat(Site): PR(FFS)=PR(MW)>BR(MW)=BR(FFS)

33=7.17>3.02=1.41
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(F) Yoy damselfishes, all species (N - 10 m™?; model r* = 0.155):
y

27

Source df SS MS F-ratio Prob>F
Model 3 38.17 1272 7.46 0.0001
Habitat (Site) 3 38.17 12,12 7.46 0.0001
Error 122 208.05 1.71
Cor. Total 12 246.22

Habitat(Site): PR(IMW)>BR(FFS)=BR(MW)=PR(FFS)
1.8>1.0=0.5=0.5
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Table 6

French Frigate Shoals and Midway—Summary results of factorial ANOVAs testing the effects
of habitat (2 levels: barrier, patch reefs), nested within the two sites (2 levels: FFS, Midway), and
of survey year (7 levels: 1992/93, 1995-2000) on the numerical densities (N -10 m?) of (A)
herbivores, (B) carnivores, and, within carnivores, (C) benthic carnivores, (D) corallivores, (E)
piscivores (excluding sharks and jacks), and (F) planktivores. Site-by-survey interaction terms
were insignificant (P >> 0.05) in all cases and are not listed. The results of Student-Newman-
Keuls a posteriori tests of least squares means are provided (underlined if not significantly
different). P_., set at =0.1/m, where m=6, so P_; =0.016.

(A) Herbivores (N - 10 m?; model r* = 0.398):

Source df SS MS F-ratio Prob>F
Model 3 401.6 133.9 26.92 0.0001
Habitat (Site) ;! 401.6 133.9 26.92 0.0001
Error 122 606.7 5.0
Cor. Total 125 1008.3

Habitat(Site): PR(FFS)>PR(MW)>BR(MW)=BR(FFS)
7.3>4.8>3.7=2.6

(B) Total carnivores (N - 10 m?; model r* = 0.398):

Source df SS MS F-ratio Prob>F
Model 3 6597.5 2199.2 26.91 0.0001
Habitat (Site) 3 6597.5 2199.2 26.91 0.0001
Error 122 9970.1 81.7
Cor. Total 125 16567.6

Habitat (Site): PR(FFS)=PR(MW)>BR(MW)=BR(FFS)
18.9=17.7>4.5=3.1

(C) Benthic carnivores (N - 10 m?; model r* = 0.339):

Source df 55 MS F-ratio Prob>F
Model 3 1497.41 499.14 20.86 0.0001
Habitat(Site) 3 1497 .41 499.14 20.86 0.0001
Error 122 2919.78 23.93
Cor. Total 125 4417.18

Habitat(Site): PR(FFS)=PR(MW)>BR(MW)=BR(FFS)
10.3=7.6>2.9=1.7
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(D) (Corallivores (N - 10 m?; model r* = 0.270):
Source df SS MS F-ratio Prob>F
Model 3 0.84 0.28 15.08 0.0001
Habitat (Site) 3 0.84 0.28 15.08 0.0001
Error 122 2.26 0.02
Cor. Total 125 3.09
Habitat(Site): PR(FFS)>PR(MW)=BR(MW )=BR(FFS)
0.29>0.16=0.10=0.08
(E) Piscivores (N - 10 m?; model r* = 0.184):

Source df SS MS F-ratio Prob>F
Model 3 6.61 2.20 9.16 0.0001
Habitat (Site) 3 6.61 2.20 9.16 0.0001
Error 122 29.33 0.24
Cor. Total 125 35.94

Habitat(Site): PR(FFS)=PR(MW)>BR(FFS)=BR(MW)
0.56=0.48>0.08=0.04
(F) Planktivores (N - 10 m?; model r* = 0.243):

Source df SS MS F-ratio Prob>F
Model 3 1710.20 570.07 13.05 0.0001
Habitat (Site) 3 1710.20 570.07 13.05 0.0001
Error 122 5043.49 43.68
Cor. Total 125 6642.48

Habitat(Site): PROIMW)=PR(FFS)>BR(MW)=BR(FFS)

9.4=7.8>1.4=1.2
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Table 7

French Frigate Shoals and Midway—Summary results of factorial ANOV As testing the effects
of habitat (2 levels: barrier, patch reefs), nested within sites (2 levels: FFS, Midway=MW), and
of survey year (7 levels: 1992/93, 1995-2000) on the numerical densities (N -10 m?) of families
of reef fishes reported by Goodman-Lowe (1998) to include the top 3 most important diurnal and
nocturnal monk seal prey: (A) pooled muraenid (moray) eels, (B) pooled synodontids
(lizardfishes), (C) pooled balistids (triggerfishes), (D) pooled holocentrids (squirrelfishes), (E)
pooled labrids (wrasses), and pooled scarids (parrotfishes). Survey year main effects and all
higher-order terms were insignificant (P >> 0.05) for all taxa and are not listed. The results of
Student-Newman-Keuls a posteriori tests are provided with their least squares means (underlined
if insignificantly different).

(A) Pooled moray eels (N - 10 m?; model r* = 0.200):

Source df SS MS F-ratio Prob>F
Model 3 0.0992 0.0331 10.16 0.0001
Site 1 0.0289 0.0289 8.87 0.0035
Habitat (Site) 2 0.0629 0.0315 9.67 0.0001
Error 122 0.3971 0.0033
Cor. Total 125 0.4963

Site: MW>FFS

0.033>0.002

Habitat(Site): PROIMW)>PR(FFS)=BR(FFS)=BR(MW)
0.065>0.003=0.002=0.001

(B) Pooled lizardfishes (N * 10 m?; model r* = 0.231):

Source df SS MS F-ratio Prob>F
Model 3 2.375 0.792 12.22 0.0001
Site 1 0.536 0.536 8.28 0.0047
Habitat(Site) 2 1.704 0.852 13.15 0.0001
Error 122 7.903 0.065

Cor. Total 123 10.279

Site: MW>FFS
0.165>0.033

Habitat(Site): PRIMW)>PR(FFS)=BR(FFS)=BR(MW)
0.327>0.064=0.003=0.002
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(C) pooled triggerfishes (N - 10 m?; model r* = 0.126):

Source SS MS F-ratio Prob>F
Model 0.031 0.010 5.84 0.0009
Habitat (Site) 0.031 0.010 5.84 0.0009
Error 0.218 0.002
Cor. Total 0.249
Habitat(Site): BR(FFS)>BR(MW)=PR(FFS)=PR(MW)
0.039>0.003=0.0=0.0
(D) pooled squirrelfishes (N - 10 m?; model r* = 0.314):
Source SS MS F-ratio Prob>F
Model 13.11 4.37 18.64 0.0001
Site 277 2.77 11.81 0.0008
Habitat (Site) 9.49 4.74 20.24 0.0001
Error 28.61 0.23
Cor. Total 41.72
Site: FFS>MW
0.43>0.13
Habitat(Site): PR(FFS)>PR(MW)=BR(MW)=BR(FFS)
0.82>0.16=0.11=0.04
(E) pooled wrasses (N - 10 m?; model r* = 0.344):
Source SS MS F-ratio Prob>F
Model 80.10 26.70 21.36 0.0001
Site 20.36 20.36 16.29 0.0001
Habitat (Site) 62.31 31.16 24.93 0.0001
Error 152.49 1.25
Cor. Total 232.59
Site: MW>FFS
3.06>2.26

Habitat(Site): PR(MW)=PR(FFS)>=BR(MW)>BR(FFS)

3.46=3.17>=2.66>1.34
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Table 7.—Continued

(F) pooled parrotfishes (N - 10 m?; model r* = 0.215):

Source df 55 MS F-ratio Prob>F
Model 3 95.90 31.97 11.16 0.0001
Habitat (Site) 3 95.90 31.97 11.16 0.0001
Error 122 34947 2.86

Cor.Total 125 445.37

Habitat(Site): PR(FFS)=PR(MW)>BR(FFS)=BR(MW)
2.34=1.98>0.47=0.38
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Table 9

French Frigate Shoals and Midway—Summary results of factorial ANOVAs testing the effects
of habitat (2 levels: barrier, patch reefs), nested within sites (2 levels: FFS, Midway=MW), and
survey year (7 levels: 1992/93, 1995-2000) on mean body weight (kg - fish™) for (A) total fishes,
comprising (B) herbivores and (C) carnivores and biomass density (kg -10 m?) for (D) total
fishes comprising (E) herbivores, and (F) carnivores, and for (G) older-stage fishes (of all taxa
pooled). Total fishes, carnivores, and older stages exclude apex predatory sharks, jacks, and uku.
Higher-order terms are specified only if significant (P <0.05). The results of Student-Newman-
Keuls a posteriori tests are provided with their least squares (LS) means (underlined if
insignificantly different). LS means in A-C are expressed in grams for readability.

(A) Total fishes, body weight (kg - fish™'; model * = 0.546):

Source df SS MS F-ratio Prob>F
Model 3 0.3194 0.1065 48.59 0.0001
Site 1 0.0249 0.0249 11.38 0.0010
Habitat (Site) 2 0.3055 0.1527 69.69 0.0001
Error 122 0.2652 0.0022

Cor. Total 1235 0.5846

Site: MW>FFS
103>74

Habitat(Site): BROIMW)>BR(FFS)>PR(FFS)>PR(MW)
172>89>60>33

(B) Herbivores, body weight (kg - fish; model r* = 0.457):
g

Source df SS MS F-ratio Prob>F
Model 3 0.9666 0.3222 34.01 0.0001
Site 1 0.0528 0.0528 5.57 0.0199
Habitat (Site) 2 0.9418 0.4709 49.70 0.0001
Error 122 1.1464 0.0095

Cor. Total 125 2.1130

Site: MW=FFS
161=120

Habitat(Site): BR(MW)>BR(FFS)=PR(FFS)>=PR(MW)
283>142=97>=39
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Table 9.—-Continued

(C) Carnivores, body weight (kg - fish™'; model r* = 0.399):

Source df SS MS F-ratio Prob>F
Model 9 0.1024 0.0114 8.48 0.0001
Survey year 6 0.0214 0.0036 2.66 0.0186
Habitat (Site) 3 0.0804 0.0268 19.98 0.0001
Error 116 0.1543 0.0013

Cor. Total 125 0.2566

Survey year: 1992/93>=all other>=1997
18>=...>=41
Habitat(Site): BR(MW)>BR(FFS)=PR(FFS)>=PR(MW)
100>65>46>=30
(D) Total fishes, biomass density (kg *10 m?; model r* = 0.380):

Source df SS MS F-ratio Prob>F
Model o 33.17 3.69 7.82 0.0001
Survey year 6 6.82 1.14 2.41 0.0312
Habitat (Site) 3 26.17 8.72 18.52 0.0001
Error 115 54.18 0.47

Cor. Total 125 87.35

Survey year: 1995=1998=1992/93=1999=2000=1996=1997
1.41=1.27=1.11=0.99=0.80=0.79=0.78
Habitat (Site): PR(FFS)=BR(MW)>PR(MW)=BR(FFS)
1.55=1.40>0.62=0.52
(E) Herbivores, biomass density (kg -10 m?; model r* = 0.312):

Source df SS MS F-ratio Prob>F
Model 3 12.30 4.10 18.29 0.0001
Habitat (Site) 3 12.30 4.10 18.29 0.0001
Error 122 27.11 0.22

Cor. Total 125 39.41

Habitat(Site): BR(MW)>PR(FFS)>BR(FFS)=PR(MW)
1.00>0.67>0.32=0.18




Table 9.—Continued

(F) Carnivores, biomass density (kg ‘10 m2; model > =0.291):

41

Source df SS MS F-ratio Prob>F
Model 3 772 2:57 16.55 0.0001
Habitat (Site) 3 7.72 2.57 16.55 0.0001
Error 122 18.81 0.16
Cor. Total 125 26.52
Habitat(Site): PR(FFS)>PR(MW)=BR(MW)>BR(FFS)
0.86>0.45=0.43>0.18
(G) Older-stage fishes (all taxa) , biomass density (kg -10 m%; model > = 0.321):
Source df SS MS F-ratio Prob>F
Model 3 25.46 8.49 19.05 0.0001
Habitat(Site) 3 25.46 8.49 19.05 0.0001
Error 122 53.92 0.45
Cor. Total 125 79.38

Habitat(Site): PR(FFS)=BR(MW)>PR(MW)=BR(FFS)
1.50=1.26>0.55=0.47
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Table 10

Frequency occurrence of jacks. Summary statistics for a 3x2 (species x site x survey period) G-
test comparison of relative frequency occurrence of two species of jacks (white ulua, Caranx
ignobilis; omilu, C. melampygus) at the two sites (FFS, Midway), during two survey periods--
“before”a recreational catch-and-release (C&R) fishing program was begun (prior to and during
1996) versus “after” (in 1997 and subsequent years) establishment of a C&R fishing program.
Occurrence was scored based on presence-absence at each of the 9 historical monitoring stations
during each of the 7 survey years at FFS (63 station-surveys) and at Midway (62 station-surveys).
Note: the significant* Site x Survey period interaction term indicates the difference in relative
frequency occurrence at FES and Midway between “Before” and “After” survey periods.

Maximum-Likelihood Analysis-of-Variance Table

Source df Chi-square Probability
Specis (ulua, omilu) 1 0.01 0.91
Site (FFS, Midway = MW 1 2251 <0.0001
Survey period (Before-After) 1 2.20 0.14
Site x Survey period 1 5.24 0.022*
Likelihood ratio ( = Error) 3 125 0.74

Species: omilu=white ulua

(41/125)=(40/125)

Site: FFS>MW
32/63)>(9/62

Site x Survey period: FFS, Before=FFS, After>MW, Before>MW, After
white ulua: (15/27)=(18/36)>(6/26)>(1/36)
omilu: (13/27)=(18/36)>(7/26)>(3/36)
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Table 11

French Frigate Shoals—Summary results of 2-Way Nested ANOVA testing the effects of four
stations (#1: at 23° 49.601' N, 166° 22.631' W ; #2: 23° 52.528° N, 166° 19.612° W ; #3: 23°
53.113’ N, 166° 16.801° W; #4: 23° 53.350' N, 166° 14.290' W) and two depths (Shallow=S=52
m, Deep=D= 61 m) on the numbers of individual organisms (of all fish and macroinvertebrate
taxa pooled) encountered on timed (20-min), 150 m? area, belt transects conducted on windward
lower talus slopes of the barrier reef on August 24-27, 1998. Total counts were log,q(x+1)-
transformed to remove marked heterogeneity of variances. The results of Student-Newman-Keuls
a posteriori tests on least squares means are provided.

Total numbers of all taxa

Source df SS MS F-ratio Prob>F
Model 7 4.51 0.65 2.78 0.02
Station 3 1.97 0.66 2.84 0.054
Depth (station) 4 2.54 0.64 2.74 0.046
Error 32 7.42 0.23
Cor. Total 39 11.93

1.518=1.458 =1.166 =0.971

Station:
Sta3= Sta4=Stal=Sta2

1.88=1.80=1.18=1.16=1.15=1.12=1.03 = 0.91

Depth (station):
S(3) = S(4) =D(1) = S(1) =D(3) = D(4) = S(2) = D(2)
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Table 12

Methods-calibration survey. Summary regression statistics for relations between the “Old
Method”of direct (diver-survey) fish counts and the “New Method” of direct counts, for (A)
numerical density (N -10 m?) and (B) biomass density (kg -10 m2), for total fishes of all taxa.
Based on a total of 22 (FFS: 9; Midway:13) matched transect counts made during July-October
2000 at the two sites. Best-fit least-square nonlinear regressions rather than functional
regressions were used because, despite the assumed equivalent estimation errors for y and x, the
objective was prediction (of both y from x and x from y) rather than description of functional
relationships.

(A) Numerical densities (general model: y = ax"; r = 0.680):

Specific Model se of a seof b = Prob>F
0ld Method = 2.530 - New Method *#** 0.5208 0.0714 0.463 <0.001
New Method = 1.1225 - Old Method '***  0.8766 0.4155

where both counts are expressed as N fish -10 m™.

(B) Biomass densities (general model: y = ax®; r = 0.685):

Specific Model se of a se of b o Prob>F
Old Method = 0.564 - New Method ***  0.0778 0.0902  0470-  <0.001
New Method = 3.232 - Old Method "*"! 0.6622 0.4655

where both counts are expressed as kg -10 m™.
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Table 13

Methods-calibration survey. Summary regression statistics for relations between the “New
Method” of direct fish counts and an indirect (video transect) record of counts for (A) numerical
density (N - 10 m?) and (B) biomass density (kg - 10 m?), for total fishes of all taxa. Based on a
total of 22 (FFS: 9; Midway:13) matched transect counts made during July-October 2000 at the
two sites. Curves are best-fit least-square (linear and nonlinear) regressions rather than functional
regression because, despite the assumed equivalent estimation errors for y and X, the objective
was prediction (of both y from x and x from y) rather than description of functional relationships.

(A) Numerical densities (general model: y = ax [no intercept]; r = 0.982):

Specific Model se of a seof b Prob>F
New Method = 0.450 - Video 0.0186 n/a 0.966 < 0.001
Video = 2.1442 - New Method 0.0885 n/a

where both counts are expressed as N fish -10 m™.

(B) Biomass densities (general model: y = ax”; r=0.911):

Specific Model se of a se of b P Prob>F
New Method = 0.139 - Video '*'* 0.0740 0.1784 0.830 <0.001
Video = 4.5763 - New Method *" 0.6841 0.0785

where both counts are expressed as kg - 10 m™




P 46

7/
40T French Frigate Shoals | [ Oiderfish (all taxa) i
35 |- YOY P. meeki I e
I I YOY (all taxa)
30 | T 1 .
25 - i .
185 I
20+ T T B i
143 = I T
15 | i -
9.1
&-és 10 E =
R .
3 0 —
Q BPT BPT BPT BPT BPT BPT BPT BPT
< 1980-83 , 1992 1995 1996 1997 1998 1999 2000
> i =
g) 40 1 [ ] Olderfish (all taxa) Midway Atoll 3
® YOY P. meeki
o 35rf s | Il YOY (all taxa) B

—
|

I

—
—
] |

IR
|

BPT BPT BPT BPT BPT BPT BPY

25 [~ 19.3

20 I
128

5 =

Ioh

10 |

5 i

0
BET "
1980-83

1993 1995 1996 1997 1998 1999 2000
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Fig. 3.-- Mean numerical densities (N/1000 m?) of (A) muraenid eels (a top-ranked prey)
and (B) synodontid lizardfishes (a secondary prey) at French Frigate Shoals (FFS) and
Midway Atoll during 1992 (at FFS only), 1993 (Midway only), and 1995-2000 (both sites).
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Appendix Table A

List of P-coded GPS locations of historical monitoring stations used in the1992/93, 1995-2000
study at French Frigate Shoals and Midway Atoll. Habitat code: BR = barrier reef; PR = lagoonal
patch reef.

Station Habitat
number type Latitude (°N) Longitude (°W)
FFS 4 BR 23° 51.970' 166° 13.069'
6 BR 23° 52.810' 166° 16.392'
7/ BR 23° 51.169' 166° 17.871'
8 BR 23° 51.292' 166° 16.149'
5¢ PR 23° 51.745' 166° 13.766'
5d PR 23°51.748' 166° 13.800'
Se PR 23° 31.67T 166° 13.693'
< i PR 23°51.635' 166° 13.765'
23 PR 237 51.241 166° 13.354'
Midway 10 BR 28° 12.882' 177° 25.457
14 BR 28° 12.930' 177° 25.330'
19 BR 28° 16.815' 177° 22.00 1"
21 BR 28° 16.660' 177° 22.070'
5 PR 28° 13.089' 177° 23.987
6 PR 28°12.776' 177° 23.883'
11 PR 28° 13.000' 177° 24.230'
17 PR 28° 12.940' 177° 24.190'
18 PR 28° 12.960' 177° 24.290"







B-1

AR Iy 9 L1T1 2I0A1qIaY Arewnd 015 snp|o12snf s1503218
B/U 01 LY a4 0€ aroatosid Arepuodas 70T sn3ddwv)aw xuvin)
g -6 0S 01 8¢ 2I0A1qIoY Arewrnd - 80LT SN823S014} SNANYIUDIY

S 8 SS ST L6 QIOATUIBD'UQ A1epuodods €071 smIpnunj1q Snuvipog

9 £ 9¢ d €101 9I0AIqIoY Arewmad Q122 SnS08143s SNJaVYI0UI})

g 9 SL € 96¢€1 9I0AIQISY Arewrnd €09 SpLIEos S[IusAN( ‘snp1pLos sniniopy)
R SL 9T 16 9I0AIQISY Arewnd  Z1LT S1UL0D1UN OSDN

g P 6 z pT81  QIOATWIEO'USq  AIEpuOodds  ZQIT snypauijoanyf skyyprojnm

R 0IT S 1LT1 oIoAmureo ‘usq  AIepuodss  ¢Q11 SI1SU21021UDA SAYIYIIPIONINN
e 911 I €SLT azoanyuerd Arepuooes 90y vj1as1qiv snjdosvq
gu ] 94! 6€ LE aroarosid  Arepuodss 10T S111qOUS1 XUDAD)
uoxe],

1S oiq  (eyBY) Nued (eyN) pim3 Supesg [ead]omdory,  oupr :(exe) [210) €] [ = 2AnEIuUEnb
Aox uey ssewolg Aisueg -uou z1 + sAneinuenb [01) SAT '

2dky

pIoq £q pajeoIpuIl o1 $310adS OIWISPUS UBIIEMEBY] ‘aseqeiep dAneuenb uo o5e)s 04 Jo 9ouasald s)oe[ UOXe} 9)edIpul () SaYsep : B/u,,
£q pajeorpur sioyepaid xade ‘Uoxe} Yoes JO S[ENPIAIPUI 1oP[O pue A0A usamiaq ysm3unsip o} pasn (wrw ur “TS) Y3us[ Apoq p[oysaIy)
a1} a1k PaJOU OS] 'SASATRUR [[e Ul PuE o[y I3)ndwoo uo exe) AJuapI 0} pasn sapod [eoLIswmu J31p-f o3 o1e papnou] "p[ms3 Jurpasy

pue (1owmsuod Arepuodss 1o Arewud) [949] orydon Aq pazoSajes s1 uoxe) Yoes ‘papiaoid os[e dIe (SUel Iy} PUE) Sejewnse (| 9Ie109y

. N) A)1SUSp [eoLISWNU USW puels) ayis (KempIjAl ‘Sd.1) Yoes e sjesrqey (Joar yojed jeuooTe] ool Io1Lreq) y30q 1940 pajood (, a1e300y

. 8) Ayisuap sseworq uesw pueid IK-/ Aq I9pI0 SUIPULISIP UI PadURI oIk BXE], *000Z-S661 PUB £6/2661 SuLnp AempIA pue S

18 SuonE)S ASAINS [ROLIOISTY I8 PIIONPUOD SASAINS UOTILAISSGO-IDATP SAIEIUEND UO PopI0031 “UOXE) 3S9MO] 10 Saroads £q ‘saysy JO ISTT

g o[qel xipuaddy



~ v Y Y v Vv

<
k=

B-2
«
K=

O w0 O n N wn wn wn O

0¢
6¢
8¢
LT
9t
14

v
14
(44
1T
0¢
61
81
L1
o1
Sl
14!
A
4

A Y N N

(==}
—

Il
Il
el
14!
81
¥4
(44
114
14
X4
4
ct

8
Sl
14
Sy
81
oY

99
8%
L6
S6
(43

Il
v

A
61
LT

681
9¢
LT
¢8l1
LT

14!
I¢

09
|¥45
78¢
141!
viel
865
¥81
991
LE

SIOATUIRD “USQ
QIOATUIRD "USq
9I0AIQIoY
9I0AIQIoY
9I0AIQISY

2I0AIQIaY

QIOATUIBD ‘Udq
210A1QIY
a10A10S1d
a1oAmosid
QI0AIQISY
aroarpyuerd
QIOATUIRD 'Udq
QIOATUIBD ‘Udq
QIOATUIED "USq
aroArpuerd
axoArostd
2I0AIQISY

QIOAIQISY

A1epuodes
K1epuooas
Arewrd
Arewrnxd
Arewrad
Arewrad

A1epuooas

Arewrnd
Arepuodas
K1epUO029s

Arewrnid
A1epuooas
AIepuooas
AIepuooss
A1epu0oss
A1epuodas

K1epuooas
Areurud

Arewrnd

06T
LOTT
109T
LOLT
eILT
10§T

608
[1.T
01
¥01
Y1LT
11074
208
61¢C1
0T¢CI
£02T
€09
90LT
09¢

X14184Yy uopoiq
snv1ospfinu snauadnavg
sniqnp Snipds

SN20DA1]0 SHANYIUDIY
SU20524D]f DUOSDIQDT

(stsua13

-1pA ‘suaovsiou1d ‘snqqid1q) dds snsoyddy

wnaafiurds uoLJu2203408

Snjpinjil] OSON

soyoulysjqun SNuIYADYo40)

SNS2QO UOPOUIDLL]
LIUNSSNP SNANYIUDIY
S1DA0 S1U04YD)
DADUUDS UOYAIUOIN]
1na1]]vq VUIOSSDIDY |
A2.012dnp vwossvivy |
Stavij1ul UOpOoVY)
vAIUUSDY Snuvling
S140431U SNANYIUDIY

smvppordsaad snaniogy)




B-3

~ I~ O < VW W wn v vV wn wn OV -~ n wn wn v wn - O

0§
6v
8y
LYy
oY
97
144
194
(47
8%
)4
6¢
8¢
LE
2
St
ve
£e
(43
(&3

0 0 I~ I~ ~~ >~ I~ YW VYW wn I T o0 o on AN AN AN AN

8¢
1914
0¢
L9
6¢
(44
0¢
69
(43
14!
1) 4
PL
5
9¢
19
LS
el
09
Ly
14

Lt
0¢
¥9

¥9
GEl
(44

0¢
(A X4
9¢

65
Sy
9
Cl
9¢C

9t
Ly

aroArosid
QIOATUIRD USQq
QIOATUIRD U3q
QIOATUIRD 'U2q
QIOATUIRD 'U9q
QIOATUIED ‘USQ
9I0AIQIY
aroArpuerd
QIOAIqIoY
QIOATUIED U2q
QIOAI[[BI0D
QIOAIQIoY
QIOATUIED ‘UdQ
QIOATUIRD 'USQ
a1oA1pueld
QI0AIqIY
QIOAIqQIoY
2I0AIqISY
QIOATUIED U2q

QIOATIIRD ‘UQ

K1epuoooes
A1epuooss
A1epuooss
K1BpUu099Ss
A1epuooas
A1epu099s

Arewrnd
AIepuooss

Arewrud
A1epuooss
A1epuooas

Arewrnad
AIepuooas
A1epuooas
Krepuooas

Arewrnd

Arewrnd

Arewrad
Arepuooss
Krepuooaes

10L
108C
80CI
1022
[A\[44
Y44
S0LT
T0LIT
0Lt
81CI
S0t
60LT
8011
60C1
€08
10LT
101¢
¥09C
S0TI1
8CT1

oeprUOpPOUAS

SNINULOD SNJOUDT

DISNUIA §140))

p314nv UOPOIIVY))
1quaLf uoporany)
d04ff028 uopoSudivydosovpyy
SNoSnfo431u SnAnYIUDOY
4231 sAypyonoy

§2]]1YOD SNUNYIUDIY
vivajnq siynloyia)s
SNUISSSIIDULO UOPOIIDY))
sn423doyjupx SnANYIUDIY
pwBnsoinapd snauadnivg
owpisuy sninqidyg

(227uny ‘upuiaq ‘vusvww) dds sysiididpyy

dds snunyjuvoy

wa130d 234dosyua)

dds snuvog

pIvIIIa04D]f S1100)

SnIvIoSDfiun SnU1YIAXO




B-4

O N N N o I~ N wn I~ WOV WO VOV VN o wn >~ >~ Vv @~ »n

E

0L
69
89
L9
09
$9
¥9
€9
(4
[9
09
65
8¢
LS
9¢
99
123
€S
(43
IS

0L
8
9¢
L
6v
IS
LE
8¢
4!
€9
$9
8¢
0¢
L8
91
65
(47
154
SL
16

14
(A4
(47
01
8G¢

89
€91

681
0l
0¢
121

QIOAI[[2I0D
QIOATUIED ‘Udq
azoAmpuerd
QIOATUIRD ‘USq
a1oATp[ueld
QIOAI[[BI0D
QIOATUIED 'Udq
QIOATUIERD 'Uq
aroArueld
QI0AIQISY
QIOATUIED 'USq
QIOATUIERD 'Udq
QIOATUIRD "USq
QIOATUIED 'Udq
aroAtpuerd
QIOATUIED "USq
QIOATUIRD “USq
QIOAI[[BI0D
9I0AIQIOY

a1oArostd

K1BpUO0O9S
A1epuooes
Krepuooaos
KIepuooas
K1epuooes
AIepuooas
Krepuooss
K1epu099s
K1epuodas

Arewrud
A1epU092s

AIepuooss
A1epuooas

AIepuooss

K1epuodas
A1epu0oas

AIepuooas
K1epuooos

Areurud
AIepu0992s

y0eT
[AVA
€TLT
1091
1051
$0T¢
(444
SOTI
yove
€0LT
YOL1
0121
1081
1001
ore
Al
108
80¥C
L09T
209

§1424q SD1IDXH

vnpia sAy1yora

§141S04142.4q OSDN

vIvgA Sn)GovpolIaY )

1221 SNIUDIVLL]

SMOUIdYINUL UOPOIIVY))

DIUID]I0ID0 SNUIJIDYIOPNIST
Snuw03sojofo snauadning

17]1Q2pUDA SIUUOAY)

io0)q seinunoy

psinq uawvlfing

snipa snsoyduion

dopvovl 423sv314puD)

SNoOpUDL3 SIXDIOUOPN

mnuvy S1UodYy)

121an0 sasduvuy

(wunaypdiayupx ‘vwapoip) dds xdio1py
snuviuoysuyol uopoprydij30.432a)J
(snyaavuo2 ‘sisuauijoivo) dds snworop)

Su22s2414 uorLldy




B-5

i v -~ n o wn wn v O v - wn

i n ~ Y n v <

68
88
L8
98
68
¥8
£8
8
18
08
6L
8L
LL
9L
SL
1
£L
L
1L

(T — T — T - T — [ — ST — S — T — S == SR < N -~ R — SR = B — . = B — . — e —

IL
€6
v9
68
98
9
76
€8
66
99
8L
08
1T
89
(4
LL
Te
143
€S

— O N N

N on 00 O o

9
Sl
61

QIOAIQIaY
QIOATUIBD USQ
QIOATUIED "U2q
aroATueld
QIOAI[[BIOD
QIOATUIED ‘Udq
QIOATWIED ‘UdQ
QIOATUIRD 'UdQ
aroarosid
QIOAI[[BI0D
QIOAI[[BIOD
aroArosid
QIOATUIRD ‘USQ
QIOATUIBD Udq
QIOATUIRD 'USQq
QIOATUIRD "UdQ
a1oAtos1d

QIOATUIED "U3q

azoarpued

Areurud
A1epUu099s
A1epuooes
AIepuodes
K1epuooass
K1epuO009s
A1epuoo9s
AIepuooas
AIepu099s
K1epuooas
Arepuodas
A1epU092s
AIepuooas
Arepuodas
A1epuodas
A1BpUO029S
K1epuoo9s
A1epuooas

A1epuooas

€0€T
SOLI
744
1042
80C
10€1
Tiee
pOE1
%09
2002
6022
20€
€1zl
1021
1122
6011
10¢
€0€ 1
106

yqiapuva sap0adrLn)
SMN3un1oa.4 SNYIUDIUIYY
SNPIUDAD SNU12YI0PNIS]
sypuwopqy fnpfopnqy
S1D10SDf14] UOPOIIVY)D)
snyv1ospf sdopnyir)

pynun] uopoavY>)

1421S.40f S211Y LU1ODADJ
vounf snavydy

vwosonds 403vatag
snypjnun] uopolavy)
(raauyovpuias 1out ¢) dds xv.otyjoumdn
sn8vydoanypyd saproiqvy
snppydadosdiyo sasduvuy
Snu1SS1av]f 4231d10.40,]
snaidydiod snauadnivg
SISUDUIYD SNULOISOINY
SMIDIUD SJIYALIODADJ

(snwasauaw
‘snuafiinovw ‘snuzydopyvy) dds uosody




B-6

~ v \n ¢ Vv o0 <+ =~ < O T »n

101
001
66
86
L6
96
$6
¥6
€6
6
16
06

= I — T [ o~ = . — T, — I~ S — I — I =

68
6L
101
96
68
v6
€L
L6
68
66
oL
¥8

(=T ¥

[t [, i =)

QIOATUIRD U2Qq
QIOATUIRD ‘USq
9I0AIQIdY
9I0AIqIoY
a1oAt081d

aroarpyuerd
pIIng 3urpasyg

QIOATUIED 'U9q
QIOATUIED 'Udq
9I0AIqIY
QIOATUIRD USq
aroatosid
QIOATUIED 'USq
QIOATUIED U2q
QIOATUIRD 'Udq
QIOATUIRD ‘UdQ
aroArpuerd
SIOATUIRD ‘USqQ

QIOATUIED "U2q

AIepuooas
AIepuodos
Krewrd
Arewrud
A1epuooes

A1epuooas
[oA9] orydoxy,

AIepuooss

AIepu0oas

Arewrd
K1epUu092s
K1epuod9s

K1epuooaes

AIepuoses
AIepuooss
A1epuooas
AIepuooas
Arepuodaes
A1epUO0OaS

€1¢C
SO€l
L00T
CI9t
10S€
vive
oupt

744
LOET
LILT
1244
10§
1061
LOYT
90C1
{14!
4874
|¥44!
91¢I

$14350413uU0] 4231d12.40,]
smyppnuurd snjryidi)
SNPUNIIIIA S2UIYLIYIUD))
SNY24DUOZ SNUIO0IOID)
SnouvuL snyjog

s1su2131oa fnpfopnqy

‘(paznaq
-eyd[e ‘zZ]=U) exe} aAnjEIUEnb-uou ‘S 14

DIUIDIDAID) SNULJI2YI0PNIST
12U1]S08 ‘SISUIVMD SNUD4013D]J
sn1a4vdoona) SnAnyjuvoy
SNYIUDIDLL] SNIOUDIUD
1UOSLDUUIO0D DIIDINISIT

S113vajoul U01ODLSO
Stuuadiindur uopopiydA)304302]J
pAvwiv3 110D

112qivq SnAYd0ipuUdIq

d2jp424 S1U04Y)

SNUIISSIDULO SDA20YDIDL]

Sninouav] SAYIYoNIPAON




B-7

¢ cl 0¢
S I 13
9 01 gE
S 6 ve
9 8 43
S L 144
9 9 Ly
14 S 143
S 14 IL
v £ I8
L 4 Cel
9 I (49!
18 oig  (eyorg)
Kox Yuey ssewolq

8¢
I
0l
4!

6¢

S1

0¢
N uey

cl6
6£S1
0§
(483
065
86T
OELT
9161
08
L80T
v0T

SL

(ew/N)
Aysua(g

a1oAue[d
QIOATUIRD 'Uaq
9I0AIqQIOY
2I0AIqQIOY
QIOATUIRD "Uq
QIOATUIED ‘U2q
QI0AIQIaY
aroanpuerd
QIOATUIED ‘Udq
QIOAIQIAY

QIOAIQIaY

2I0AIQISY

pIm3 Surpasy

a1oAt0s1d
910AIQIoY
9IOAIQIOY
QIOATUIRD "Udq
a1oA1puerd

a10A10s1d

Arepuodes

A1epuooss
Arewrnad
Arewrnad

AIepuooas

K1epUu092s
Arewrnd

AIepuodss

AIepuooas
Arewrnd
Arewnd

Arewrad

[°A9] omydox ],

Krepuooss
Areurud
Arewrd

AIepuooas

K1epuO0d9s

K1epuooss

10) 44
0ccI
L09T
80LT
8011
61C1
£09¢
901C
£0CI
01ve
105T

2092
oupt

60¥1
0192
1192
vl
oSy
€0l

S1DAO S104Y)

da.112dnp vossvivy |

(snyoavuoz ‘snutjo4vod) dds snuworop)
sn3a15014) SNANYIUDOY

vwdnysoinayd snauadnivg

1na1]]vq PUWOSSVIDY ]

SPLIBOS S[IUAAN[/SNPIP.AOS SNANIO)Y))
vj1as1qv snjjlosvq

snipjnunji1q snuvipog

snpvjo1osnf s2)s03215

(s1sua13

-1DA ‘SU20sp2u1d ‘snqq131q) dds snsoydLy

smopordsaad snaniopy)

((exe} 1210} 601 = o>@8ﬂ:«=d
-uou 9[ + daneiuenb ¢6) AeMpIA ‘T

snjogoip sisdouandioog
snovpysd snivag
SN20D]01A04GNL SNADIS
xoyds $10421d

S1415041q DIUDJ]

421412 0p42202]PD)




B-8

Ul

vi I~ wn v v wn -~ <

e/

o WO O =~ wn

(43
1€
0¢
6¢
8¢
LT
9¢
4
144
134
(44
1T
0¢
61
81
A
91
S1
14!
€l

o 00 I~ W W W W

o
y—

Il
I
I1
Il
61
L1
0¢
1T
(44
(44
9¢

St
81
(44
el
0¢
(43
(49
L1
ot

LT
VL
1T
8¢
0L

194

¢
91

19
191
LIT
L6T
14
99
X4
981
65
99¢1
88

LTI
01
.

699

L% 3
$66
vL
a0t

QIOATUIRD ‘UQq
QIOATUIRD "UQq
QIOATUIED "Udq
QIOATUIRD ‘Udq
9IOATUIERD 'Udq
QIOATUIRD "UQ
9IOAIQIoY
a1oAtos1d
aroAtpueld
a1oATpueld
QIOAIQIoY
QIOATUIED "USq
9I0AIGIOY
9I0AIGIoY
aroA1081d
aroAnpuerd
QIOATUIED "Uq
QIOATUIED "Udq

9IOAIQIoY

a1oAnueld

A1epuooss

Arepuodas
A1epuooas
AIepuooas
AIepuooas
A1epuodas

Areurud
K1BpUO0O2S
AIepuooss

A1epu0o9s
Arewrud
A1epuooas
Arewrnd
Arewrnd
AIepuooas
AIepuodass
AIepuooas
A1BpUO029S
Arewrud
ATepuooss

€01l
801
[A\144
LTI
8¢C1
vOEl
109T
10L
€08
1051
90LT
0Te
0ILT
CILT
10T
£02C
S0zl
2011
LILT
10¥C

S1SU2]01UDA SAYIYOIPIO] NN

DISNUIA S110D)

nquia.f uopoyavy)
snypinovw1q SnulIYIAXO
smp1ospfiun snuij1oyodxQ

1421S40f SAYLUIODADJ

sniqnp snivog

oBPNUOPOULS

(221uny ‘uputaq ‘vusvwp) dds systdLdpy
122 SNYIUDIDLLJ

S140431U SNANYIUDIY

snudanb snjaydourdsy

SNS0S8143S SNJAVYI0UI})

S1UL0D1UN OSDN

$171qOU31 XUDAD))

S1DIU UOPOIIVY))
vvj1a04vyf S110)
snppautjoavyf syyo1p1ofnN
sna4pdoona] snunyjuvoy

siputmopq fnpfopnqy




B-9

v v O O O O

wn

e/

42
0S
6V

8Y
Ly
oF
94
1474
1917
(47
8%
1%
6¢
8¢
LE
ot
13
12
£E

wvi n ¢  F <t NN e NN AN NN N NN

98
08

0¢
6L
IS
LS
(47
09
Lk

pe
14!
143
6¢
9¢
8
6V
£

9%

eVl

1 X4

I

)2

95

St

29
Y6t
81
Ly
(Al

(4
¥9

QIOATUIED ‘USq

QIOATUIRD ‘USQ

aroA1pueld

QIOATUIED USq
a1oaAtosid
QIOAIQIoY
QIOAI[[2I0D
a1oA10s1d
QIOATUIED 'U2q
QIOATUIED 'Uaq
QIOAIqQIoY
QIOATUIRD "USQq
QIOATUIERD 'Uq
QIOATUIED UQq
QIOATUIED "U2q
9IOAIqIoY
a1oA1081d
QIOATUIED 'USq

OIOATUIRD 'U2q

A1epuooas
A1epuodes

AIepuodas

AIepuooos
AIepuooas

Arewnd
A1epuooes
A1epuodas
A1epuooas
AIepuooas

Arewrnd
A1epu092s
AIepuooas
A1epuooas
A1epuooes

Arewrnd
AIepuooas
K1epuooss
A1epuodas

206T
206¢
106

801
20T
S0LT
§0TC
20¢
(41153
LOTI
eILT
6011
81CI
6¢CC1
208
TTLT
80¢
102¢
201

x14154y uopoiq
smyppound snyypudadp

(snwasauowu
‘sndafiinovwu ‘snaapdoqvy) dds uosody

oeprusedioog

sn3ddwvjaw xuvin))
SnOSNfo431uU SNANYIUDIY
SNUISSIIDULO UOPOIIVY D)
(ra2uyovpuiays ‘[oul dds ¢) xvioyjouwdo
snpidsty uoayrody
smp1ospfiynu snauadnivg
SU20s24AD]f DUOSDIGIT
snasdydiod snauadnivg
vIvayIvq synfoyrars
wnivqoj1L) DULOSSDIDY ]
DADUUDS UOYAIUOIN]
wn4afijoA buoSPIqa7
SNUUDAZ0Y1I0 SIP10BUDID))
031D UOPOIaVYY)

da14nd sasduvuy




B-10

—
—~ < wvi wvi vy ™~ o0 w1 o

<t I~ n n o -

IL
0L
69
89
L9
99
9
¥9
€9
(4
19
09
65
8%
LS
9¢
99
143
€S
cs

o o o o

99
€T
16
4
$9
L8
8y
¥9
65
6L
8%
v
89
oy
19
9¢
8
€9
Ly
8¢

9

801

0

v6

9

Y4

01

LE
V6

6¢

68

8¢
8

aroAnpuerd
aroArpuerd
QIOATWIED ‘Udq
QIOATUIBD ‘U2q
QIOATUIED Udq
QIOATUIBD ‘U2q
QIOAI[[BIOD
QIOAI[[BIOD
0I0AIQIOY
aroAtpuerd
aroatosid
QIOAI[[BIOD
a10A1081d
QIOATUIRD 'USq
QIOATUIRD "USq
QIOATUIED ‘U2q
aroatosid
QIOATUIRD "Udq
QIOATUIRD ‘UdQq

QIOATUIED “USq

Arepuooas
K1epU099s

AIepuooss
AIepuooas

Kxepuooos
AIepuooas
K1epuooss
Arepuooes

Krewrnad
K1epuooss
K1epuooas
AIepuooas
K1epuooes
Arepuooos
AIepuooss
A1epuooas
A1epuooss
K1epUuO0O9s
AI1BpUO0O9sS
AIepuooss

£0¢
(4 ¢4
608
1081
1091
§%4|
200T
602C
101¢
[0LT
10V
80¥C
60¥1
10€1
108C
[0¥1
209
SOEl
108
€Tl

Snjja4vovut snid1dpoa(]
nuvy S1uody)

wnaafiurds uojua203405
d0pv300[ 423sV31YIUD)

vIvIgIA SNIA1ODPOYIY))
wnaindind vwossvivy |
vwosojuds 103vatdg
snypjnun] uopovYy)

11ap0d 234doyyua)

A231u sAyyona

SISUUIYD SNULOISOINY
snuviuojsuyol uopopiyddj3o.430a14
snjoqip s1sdouapdiods
smyp1osf sdojryi41)

SNINUL0 SNPUV7

142QIDq SNUYO0IpUI(T
suaosadin uorddy

smypnuuid snjry.Li1)

dds xdio1py

douffoas uoposudavydosovpy



B-11

I Wy T B n D

16
06
68
88
L8
98
¢8
v8
€8
8
I8
08
6L
8L
LL
oL
SL
1
gL
L

o 8O o o 0 O o o o o o O O o 9o oo o O o

£6
$8
88
68
LL
€6
06
v8
69
14
L
€L
€8
St
L9
61
9L
$S
(4]
19,

0¢

94|
[4
14!
8
1T

QIOATUIRD 'USQq
QIOATUIRD 'Udq
QIOATUIED 'USq
QIOATUIRD 'U2q
QIOATUIRD ‘USQq
QIOATUIRD USQ
QIOATUIED U2q
a1oA10s1d
QIOATUIED 'U2q
axoArpuerd
QIOATUIRD 'U9q
a10A1081d
OIOATUIED ‘U2Qq
QIOATUIRD USQq
a1oArostd
QIOATUIRD USQ
QIOAT[[BIO0O
SIOATUIED 'USq
SIOATUIRD 'USq

QIOATUIED ‘Uq

KIepuooss
AIepuooas
Arepuooes
K1epu099s
AIepuooas
AIepuooas
Kxepuooas
A1epuodas
A1epu0o9s
A1epuooas
Arepuooas
AIepuooas
AIepuooas

K1epuooos

AIepu0o9s

A1epu09as
A1BpUO003s
K1epuoo9s
Arepuooas
Arepuodas

201
|4 ¥44
14041
60CI
1061
1274
10LE
SI¢
[TCI1
14174
vl
101v
SOTI
10T1
10S
€11
y0eT
0121
€0tl
(444!

SMIDNIID SNYIUDIOJOYOUISI(J
SNu1SS1AD] 4231d1040,
SNYIUDIDLL] SNIOUDIUD]
orpipisur Sninqdy
S14302]2uW UOIODLISO
StutLout 0111247
DIDQIDQUINU DINJOLY
stypp4vd aoyodjayousy
SNULISSIYDULO S2L20YINDE
17]1Q42puUna SIUOAYD)

xoyds s1049)d

SN242U1D 423UO0D)
Snuwo1soofo snauadnivg
snppydasosdiyd sasduvuy
11UOSADUIULOD DIIDINIST]
sndvydoaypyd saproiqovy
$1424q SOIOXH

sniipa snsoyduon

SNIDIAD SIIYLAIODAD]

DIUID]O0II0 SNULIYI0PNIST




B-12

£6
6

IL
GL

aroatosid
9I0AIqISY
QIOATWIRD 'UdQ
QIOATUIRD ‘USq
oroApuerd
QIOATUIRD ‘USq
QIOATUIRD USq
QIOATWIRD ‘Udq
QIOATUIED 'U9q
QIOATUIRD ‘U2Q
QIOA[[[210D
a1oatostd
QIOATUIED 'U2q
QI0AIQIRY
a1oA1081d
9I0AIQISY

pIm3 3uIpasyg

QIOATUIED ‘USq

2I0A1QIOY

K1epu0oas
Arewrad

AIepuooas
K1epuooas
K1epuooas
A1epuoodas
AIepuodss
AIepuooss
Arepuooas
AIepuooas
K1epU022s
K1BpUO029sS
Arepuooas
Krewrnad
A1epu099s
Arewrnid
[2A9] orydoxy,

K1epuooss
Arewrud

§0¢
0192
44!
[06¢
oSy
2061
(404
e1ee
eell
Secl
012z
¥0C
108¢
[48°14
105¢€
yILT
ouprt

91¢1
€0¢C

1j12uUnp vjoL3S
snooyisd snivog
DIUIDID.AJD] SNULI2YOOPNIST
smp1ospf snypudajdp
51415041q DIUD
1U1SOULOf D1IOJODT
sisuaaluv sidajoyivun)
§14150418u0] 4231d12.40,]
asnyoa) saynjouid?)
maiqnq stio)
SMIDINIOVUIUN UOPOIIDY))
nop4af sap103upin))
Sno1dAy snypuvovIn)
SNYIUDUO2 SNUIO}O]D))
snouvu snyjog
1421UNSSNP SNANYIUDIY

((pezneqeyde
‘g1=U) eX®} 2AnERIUENb-UOU ‘AeMPIA

Snanouany sAyyoynovAoN

311qI2puva S2322d1441)




RECENT TECHNICAL MEMORANDUMS

Copies of this and other NOAA Technical Memorandums are available from the National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22167. Paper copies vary in price. Microfiche
copies cost $9.00. Recent issues of NOAA Technical Memorandums from the NMFS Southwest Fisheries

Science Center are listed below:

NOAA-TM-NMFS-SWFSC-337

338

339

340

341

342

343

344

345

346

Ichthyoplankton and station data for surface (Manta) and oblique (Bongo)
plankton tows taken during a survey in the eastern tropical Pacific ocean
July 30-December 9, 1998.

D.A. AMBROSE, R.L. CHARTER, H.G. MOSER, S.R. CHARTER, and
W. WATSON

(June 2002)

Ichthyoplankton and station data for surface (Manta) and oblique (Bongo)
plankton tows taken during a survey in the eastern tropical Pacific ocean
July 28-December 9, 1999.

W. WATSON, E.M. SANDKNOP, S.R. CHARTER, D.A. AMBROSE,

R.L. CHARTER, and H.G. MOSER

(June 2002)

Report of ecosystem studies conducted during the 1997 Vaquita abundance
survey on the research vessel David Starr Jordan.

V.A. PHILBRICK, P.C. FIEDLER, and S.B. REILLY

(June 2002)

The Hawaiian Monk Seal in the Northwestern Hawaiian Islands, 2000.
Compiled and edited by: T.C. JOHANOS and J.D. BAKER
(August 2002)

An operational model to evaluate assessment and management procedures
for the North Pacific swordfish fishery.

M. LABELLE

(August 2002)

Ichthyoplankton and station data for surface (Manta) and oblique (Bongo)
plankton tows taken during a survey in the eastern tropical Pacific ocean
July 28-December 9, 2000.

D.A. AMBROSE, R.L. CHARTER, H.G. MOSER, B.S. MACCALL, and
W. WATSON

(August 2002)

Monthly mean coastal upwelling indices, west coast of south Africa 1981-
2000: Trends and relationships.

J.G. NORTON, F.B. SCHWING, M.H. PICKETT, S.G. CUMMINGS,

D.M. HUSBY, and P.G. JESSEN

(September 2002)

Comprehensive (1986-2001) characterization of size at sexual maturity for
Hawaiian spiny lobster (Panulirus marginatus) and slipper lobster
(Scyllarides squammosus) in the Northwestern Hawaiian Islands.

E.E. DEMARTINI, P. KLEIBER, and G.T. DINARDO

(September 2002)

Counts of northern elephant seals at rookeries in the Southern California
Bight: 1981-2001.

M.S. Lowry

(November 2002)

U.S. Pacific marine mammal stock assessments: 2002.
J.V. Carretta, M.M. Muto, J. Barlow, J. Baker, K.A. Forney, and M. Lowry
(December 2002)






